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PREFACE. 



f the convenience and utility of ap Herbarium to 
the Botanist, it is needless to aay a word. The first 
inBtlnct of the student of Natural History is to col- 
lect together Bpecimens of the objects to which his 
attention is directed. Indeed before long he becomes 
aware of the positive necessity of having by him 
examples, on which he can readily lay his hand, for 
reference and comparison. Simple, however, as it 
appears to be to make an Herbarium, there is no 
point, respecting which the young naturaliet (without 
experience and without a guide) more frequently 
violates the most important canons of science. The 
correct representation of the natural habit of the 
plant, and the best method of preserving it when 
found, are the rocks on which the beginner constantly 
makes shipwreck. Speaking generally, his errors 
arise froui giving either too much or too httle atten- 
tion to the matter. In the first case he looks only 
to the beauty of the specimen, and its neat appearance 
in the cabinet. He takes care — too much care, indeed 
— to lay out the various paits in a manner to please 
the eye, but without any reference to their natural 



position, or true relation to each other. In the other 
case, he ia careless about the preservation of the plant, 
and neglects the commonest rules, whereby alone it 
can be saved from speedy destruction. The result, in 
both cases, is the same. His preparations are un- 
trustworthy and well nigh useless — at any rate, can 
lay DO claim to any scientific value. 

The lower Cryptogamia especially, such as the 
Algffi and Fungi, require a somewhat complicated 
mode of treatment : so much ao, indeed, that many a 
beginner is frightened from prosecuting his studies, 
disgusted by the continued failures, which, without 
a guide to lead him, it was next to impossible for 
him to escape. And yet ao full of beauty and in- 
terest are these lowly orders — enchaining the mind 
and arresting the attention of all, who are deeply 
engaged in their study, that it seems hard, that any 
should be debarred from the enjoyment of ao much 
pleasure by mere mechanical difficulties, which, after 
all, may be easily removed. 

As cases of this kind have frequently come under 
my own observation, I have prepared the following 
pages with a view to place near the novice in botany 
an adviser, who may offer him. In a condensed form, 
some useful suggestions respecting the best methods 
of collecting and preparing plants for the Herbarium. 

I have done this without the intention, or even the 
idea, of ofifering to the public anything essentially 
new, or better than what has been already published ; 



but because I kaow how troublesome and difficult it 
m for the tjro, in the commencement of hia studies, 
to search through numerous works for a description 
of the method of preparation, which he may chance 
to need at the time. Here at least I can promiee 
him, that he will find the most important facts con- 
tained in nuoe, to the saving of both his time and 
patience. And this is the more necessary, hecause a 
novice's library is not usually too well stocked with 
books of reference ; and, besides, he is not always in a 
situation to consult larger and more important works, 
bearing on the subjects treated of here. 

Therefore I launch this little volume into the 
world, with the earnest wish that its perusal may ha 
of service in lightening the labours and smoothiog 
the path of more than one self-taught botanist. 

JoH. Nave. 



The reader will observe, that the chapters into which 
the book is divided, are of very unequal proportions, 
and that the greatest prominence is given to the Algte, 
which occupy quite one-half of the whole work. This 
is owing to the estraordinary variety of form and 
habit, which characterises this family, calling for 
numerous descriptions of methods of preparation 
which need nut to be repeated. 

J. N. 
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Few 3TPDIES afford more instruction, or are attended with 
■e genuine pleasure, than tliat of the Algte. And this is 
not Himply due to the boundlisa wealth of forru which they 
exhibit, and which aatoitishes and delights even those who 
have never given their attention to Natural History. Nor 
is it merely oa account of the inexhaustible materials 
for observation and comparison which they afford to the 
botomst. But the main point of interest conaiata in ihia, 
that it is only by a close invest igation of the conditions 
of life existing in the Aigte, that we are enabled to get a, 
true insight into the structure and fiinctiona of the higher 
plants. In fact, it is not too much to say, that vegetable 
anatomy and physiology, and the theory of the nature, deve- 
lopment, and increiise of vegetable cells — depend in no 
slight degree on the close observation of the Algx ; because 
in them the separate existence of each cell is so clearly 
seen, Wboever, therefore, would ctdttvate the study of 
v^^etable anatomy, mtiat first make himself thoroughly 
acquainted with this particular family. 

Materials for observation are always near at hand, far 
AigK aboimd everywhere ; often, indeed, where the superficial 
observer would scarcely expect to find even the smallest 
Wherever water ooUects in large or small quantities, 
ea or lake, in a river or pond, and equally in the 
I aouUest ditch or puddle, or even on the face ot a damp 
■ AlgEC thrive, and invite the attention of the 
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collector. It would l>e a mistake, tliercfore, to examine oa\ 
die larger maescs of water ; for frequently the least impori 
taut localities afford the liirgeBt supply : indeed, cert^a 
feniiliea (for inetance the ScytoneiaaceEe and NoBtochaceio) 
would be constantly overlooked, if the lowlier spots were 
liabitniilly neglected. In the same way a careful snrv^ 
of a half-dried pool or puddle will oft«n give the richest 
returns. 

The filamentous Algoj (euch as the Confervaceee, 
Zygnewace(S, and Vaveherice) are generally the first to 
rtrike the attention of the collector, partly on account of 
their mode of growth, in lar^e tufted masses, and partly cor. 
account of their bright green colour, so lite that of ita 
Phanerogamia.* It is best, therefore, to make our first ao-' 
quaintance with these, and through them with the more 
minute members of the order — the Diatomacete, Dearoi- 
diacete, iSc, numbers of which are generally to be found 
adhering to the entanjjied tufU of their more giganti& 
relations. The rest maj be niiide out hy dE^eea, as tha 
necessary amount of observation is given to them. | 

To avoid needless repetitiona, we will comiuence hj 
offering some euggcstiona which will be found useful i| 
collecting these plants. As a general rule, the collector i 
strongly advised to give his attention to everything th 
can possibly be of the nature of an Alga ; for, without lJ 
microscope, he will often be unable to decide what ha h. 
before him. And if he is eametimes vexed at finding thafr' 
ho has carried home some worthless object, he is at least oi 
likelj to regret having thrown away from ignorance soma^ 
thing of value, 

* Many members of tlie ZygnemacEons family are rappiriiklly o 
spimuua. Then viewed under tbo microscope or A gooil leai, 
weount of the beautiful manner in which ths eell mntenta are i 
pcseil. Instead of forming a simple uniform grouad i^olour, ai 
usually tho ease, the chlorophjll, or green matler, iB arranged 
epimts of »quisile pattom. In a fc^ speeies the arrpentine baud ia 
solitary, but, genvmlly speaking, tbere are from tiro to four spirals 
int^^lHciog sad crossing eaeh other at regular intervals. Figunia ' 
to B, Plato I., will help lo illuetnite the above remarks. — Eu. 



Green and lirown excreBcencea on wood, slimy masaes on 
plants, pieces of wood and stone that have lain long under 
water, layers of mud of n greenish or maty brown colour 
are things cot to be passed by. Neither let him neglect to 
esamine such matter as the on tflo wings from a manuilictory, 
or walla which hare been moistened by the vapour issuing 
from a, Bt«am engine ; for, in situations of this Itind, Alg:e 
are often developed, which may otherwise be looked for in 
vain except in hot springs. Bnt, above all, the Algologist 
should never forbear to collect an object under the suppo- 
ution that he already possesses it. In the £rat place he 
cannot be quite sure of this until he has placed it under 
ibe raicroBcope. Nest to that, on the same batch of speci- 
mena which have been collected early in the season, most 
interesting ptiraaites (aa, for instance, Characium iind 
Hydrocytinm) will often bo found at a later period. 
Lastly, it is actually necessary to examine certain species at 
diffei'ont times of die year, if the development and fructi- 
licatlon are to be Eatisfactorlly determined. Let it then he 
an axiom with the collector of Algas, to take care to 
gather always more, rather than less, than he actually needs. 

Witli regard lo the fittest season for collecting water- 
weeds it is sufficient to observe, that thty are to be 
obtained at all periods of the year, not excepting the 
winter, many of the Diatomacete showing themselves to 
be perfectly indifferent to extreme changes of lemperature. 
At the same time increase takes place most largely in the 
spring. On the otlier hand the autumn is the best time 
for gathering DeBmidiacete. In fact, the periods of vege- 
tation vary considerably. The apeciea of Ulothrix, for 
ioBtance, occur only during the early months of summer, 
and then vanish almost entirely. Again it is requisit* to 
observe, whether Alg£e are constant in any given spot, or 
whether (as is often the case) they appear there for a 
time only, and th<'n disappi'ar altogether. Thus I have 

'^ed Hildrabrandtia rosea, CEdogoniiim fonticola, and 
shospermum monili forme developing tliomselves, 
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aeasoti after season, in tho same situation ; while other 
speciea, which were at one time just as abundant, have 
entirely vaniBhed, without any apparent reason. Take, for 
example, Hydrodictyon utriculatum. It ia quite astonish- 
ing in ivhal abundance this species will suddenly fill some 
pond or ditch, at times almost obstructing the fl.ow of 
water, only to disappear again afttr a while without 
leaving a ti'ace behind. So that, if a person is anxious to 
gather a large number of specimens (for the sake, say, of 
making exchanges), he must be carelii! to do so while he 
has the opportunity, and not leave them to a future period, 
under the idea that they will await hia convenience; f 
he ia hkely enough in that case to del^eive himself, and, < 
returning to the piece of water, to find only emptiness 
where, the year before, there was superfluity. It is far 
better to secure the requisite nimiber of examples on firat 
coming across the species; indeed, if necessary, the whole 
Stock may be taken, as there is httle likelihoud of extir- 
pating any kind of Alga. 

What few implements are needed in the collection of 
Algie are neither complicated nor expensive. The following 
will be found useful : — 

1. A small iron or tin ladle, two inches acrosH, fig. 7. 
Abcut one-third of the circu 
f]g^ 7 ference on the right hand e 

U provided with a number of 
I teeth, three lines long, and bent 
inwards. A short hollow handle 
projects from one side i 
ladle, whei'eby it may be at- 
tached to a walking-stick. 

This httle instrument ( 
to fiah out plants which He be- 
yond arm's length ; and the 
teeth may be usefully employed in entangling small speciea 
which occur on the sur&ce of the water, such as Rivularite,. 
Cylindrospeimum, &a. 




2. A tiny sieve, aucli na is sometimes suspended fi-om 
the moutb of a teapot to intercept the minute portions of 
the leaves. It must be of very fine wire, and provided 
with a handle. Its use is to secure floating ma^es of 
DeemidiaceEe, Limnochltds, &c. 

3. A common iron spoon is convenient for lifting wilh 
care the upper Jayera of mud, where there is reason to 
suspect the prsBeiice of Diatomacex and Desmidiacete. 

i. Where Characeie are likely to be met with, or, indeed, 
^^ia^Jredging purposes generally, Casparj'a rake is an 

r 



admirable instrument, fig. 8. It is made of iron, and is 
of the following dimensions ; — Length, a, b, ten inches ; 
width, c, d, from the point of one tooth to the opposite 
point, three and three-quarter inchoa ; distance between the 

Eoints of the teeth c, e, three-quarters of an inch. The 
andie, / J, terminating in a ring, to which a stout cord 
may be attached, is five inches long. The weight of the 
instrumeat must not be leas tlian two or three pounds; 
if lighter, it is apt to jump over slight obstacles at the 
bottom of the water, and thereby miss the object to be 
caught. The length of line, which aliould be about the 
thickness of a finger, must of course be adapted to the 
depth of the water. An Alpine lake frequently requires 
as much aa eighty or ninety feeti For convenience 
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carriage, the teeth of the ruke may be encloseil i 
lodea channel (jnat as a cro^cut Ba,w is generally 
rried), and tlia rope tied round and ronnd it. It is a 
detake to fix the rake into a long handle (as is sometiuies 
ane), not polely on account of the difficulty of transport, 
bat because it can only be used in v/atei of moderate 
depth. Moreover, it is by no means easy to fix the in- 
Btmment with sufficient firmness into tJie wooden handle, 
and it is consequently liable to he lost, if it meets with 
obfitruclion of more than ordinary size. 

5. A sufficient quantity of oiled paper, or some similar 
taaterial, snch as waxed cloth, or india-rubber or gutta- 
percha Eheeting, in which to fold up the Bpecimens, and 
prevent the water from draining out. Several small 
ircels can be packed in a larger piece of sheeting, and 
lese again placed in a bag, to be carried across 
lulders. 

I. A number of small bottles with wide moutha, for 
purpose of holding Diatomaccic, and umilax minuta 
spedmenB. Cork stoppers are to be prefurred to glaa% 
as the latter are apt to get loose and fall out from thff 
conatant friction of sandy particles, whose presence it ia 
impossible to avoid. Besides, glass stoppers make the 
bottles both heavier and more expensive, without any 
correapoading return. The bottles may be safely oa: 
in the breastpocket of a coat — that is, for sliort expedit 
For longer journeys, and on occasions where many battles 
must be carried, it is best to provide a kind of knapsack, 
not too large, in which they may be laid, one agaiust the 
other. To prevent shaking or breaking, some paper 
strips of pasteboard may be laid between each bottle. 

7. Lastly, it ia of the utmost importance to be pro- 
vided with a good lens, or a pocket -microscope, so aa 
to he able to ditttinguish in a moment, and on the spot, 
useless from useful matter. 

There is no need lo recommend a stout walking-stick 
and a pocket-knife, an no seneible botanist would think of 



going on an expedition without being provided with both 
the one and the other. The former especially ja ixul'ia- 
penaable to the Algologist, as it forms a ready handle for 
his ladle and sieve. 

With Iheae few instruments the collector of Algie is 
prepared for his outdoor work. A tin vasculum, auch as 
is commonly tised in gathering Phanerogam ia, need not 
be rejected ; still it is by no means a necessity, because 
the Algtp are aufficiently protected by the waterproof paper 
or aheeting. Nor are ihej of the same fragile nature 
as the higher plants. Besides, a considerable portion will 
be contained in the bottlea. At the same time, however 
carried, care must of course be taken not to squeeze tie 
specimena too closely together. 

As soon as the stock of speciaiens ia brought home, the 
first business of the collector will be to place them (each 
species by itself, aa far aa may be) in glassea of water 
{which sliould be, if possible, quite soft), in order to keep 
them fresh until he is prepared to examine them. Many 
species may be preserved in this way for several days 
without spoiling, especially if the water in which they are 
placed be in some quantity, and is changed every day. 
Olhera however, the Vancheriss for instance, peri^ very 
quickly, and cannot be preserved for long. ITieae there- 
fore must be attended to first But even when any of 
these are completely lost, it is well not to throw them 
away until they have been carefully searched for Dialo- 
mftces, many of which wiU survive the decay of the plants 
to which they were clinging when first removed from the 
water. A small quantity of muriatic acid may be poured 
into the glass, aa this has a tendency to check putridity, 
and then the Diatomaceie may he neparated at leisure. 

If from want of time, distance from home, or any like 
cause, the epecimens collected cannot be at once prepared, 
the best plan ia to place them in a bottle, and pour over 
them a quantity of gin, which may be procured almost 

Tthere. It is true the alcohol deatroya the colour of 
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the plants, and turns them yellow or brown ; hut even 
that is to be preferred to lostag them altogether. At 
the same time the collector ehould not forget to note thft 
fnct of their having been immersed in alcohol, otherwisa, 
if exchanges are made, strange miatakea may aiiw 
to the original colour of the specimen. 

Ae may be Gupposed, plants whicli have grown in ewiillj. 
(lowing streams are more liable to decay af^er they havfr 
been gathered, than those whose home is the stage 
pond or marsh, since the conditions of life in the latter 
not so much interfered with by their removal ; indeed, they 
will often continue to live and vegetate in a room, providMt 
attenlioa be paid to the chemical quality of the watei 
which they are found. 

Ab this little work is intended for the collector and --.^_ 
for the systematist, nothing will here be said with regard 
to the genera into which the Algaj have been divide^. 
That portion of their history must be sought for in othei 
works, though of course in this, aa in eveiy other depart- 
ment of Natural History, an intimate knowledge of both 
genera and species is essential to the sttideut. But, for 
convenience fiake and to avoid repetitions, we will, in the 
following pages, confine our treutment of the subject to 
certain heads, corresponding in some degree to the natural 
divisions of systematic authors. 

[Having given on a preceding pHge one or two esamplea 
of the lovely patterns which distinguish some of the fila- 
mentouB Algie, it will not be amiss to insert here some 
apeciuens of the families of Diatomaceie and Desraidiaceee. 
The figures will assist the young student in diBcriminating 
the members of these minute, but important, divisions of 
the v^etable kingdom ; they will also help to point out to 
him what wonderliil treasures lie within his grasp, ready to 
be seized as soon aa his eye and hand are siUEcientlj 
educated to make them bis own. In the accompanying 
Plates (ll. Ill, IV. V.) ihe Diatoniaceie are represented by 
figures 9 to 14, the Desmidiacece by figs. 15 to 23. — En.j 



CHAPTER II. 

OF TBE DIATOUACE^. 

These tint MEwnERS of the great vegetable kingdom me 
generally the first to eogi^e the attention of the collector, 
for their distribation ia almost boundlesa. I suppose there 
ia scarcely a single piece of water anywhere which does 
not contain at least Bome individnaU of the commoner 
species. They are to be found alike ia the lake that 
crowns the moun Iain-top, and the swampa and peat-beds 
which fill the loweut valley ; in the water-coui'ae employed 
to irrigate the meadowa ; in the broad ocean and the 
shallow puddle left by the overflowing of a ditch. The 
brackish water, where the tidal river meets the sea; salt- 
works and Bait-pits ; evtn inland lakes, wliicli have a trace 
of sail in them — each affords a rich variety of characteristic 
Diatomacete, varying according to the chemical quality of 
tlie water." They are to be frequently found also on rocks 
and maaaea of stone, damp from overhanging trees, or from 
the constant trickling of water. There they nestle among 
the tul1:3 of moss, or the layers of Oscillatori^ ; or, in 
company with other minute Algs, form a slimy mass of a 
brown or olive green colour on the face of the hare rook. 
Never let the collector pass by a spot of thia description 
without giving it a close examination. He will be often 
rewarded with some of the rarest and most lovely apeciea. 

* It is qnite aatonishing wliat a 
Bx Ihe cboTHcter of the DiatomBc 

mention b lako in Hungary, and Boma pieceB ol' watac in Southern 
Momvin, whioh contain an iiiappreciiLlilfl quB.nlity of salt, neycrtlie- 
Im tha DiutoDiBtMiouH forma aubwei exactly to those osnally found 
■ • • •■ ■ >r.-J. N. 
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In any case he is tolerably sure to come across good speci* 
mens of other Cryptogamic ordera. 

The fact that tiie separate valves of the Diatomaceffi (t 
protected by an almost indestructible coating of ailic 
allows of their being recognised years after the or^nisil 
itself has ceased to exist, as may be seen in almost ani 
dried-up pool. Nay, countless ages may pass away, aiK 
Btil! the valves, on being brought to the light of day, y " 
exhibit their delicate markings as cleai'ly as though t 
hand of the Creator had sculptured them but yeatOT' 
day. Numerous deposits of these peculiar Alga? are to h 
found in difierent pai-ts of the world. It is sufficient t 
mention San Fiore in Tuscany, Franzenbad in Bohemii 
and Berhn, as \rell-known examples. This remarkabli 
quality of endurance naturally leads us to look for traoB 
of iheir presence in localities where we should not usual^ 
search for the Alga;. Guano, Ibr insiance, ia rich ii 
beautiful forma. Dwellers by tlie seaside may liimuj 
themaelveg with numerous Bpecieg, which vegetate in t' 
unknown depths of the ocean, by a microscopic examii 
tion of the contents of the stomachs of fishes, molltuki 
and medusie ; a task not much to the taste perhapB of tt 
beginner, but one which we would recommend him 1 
undertake boldly, as he is sure to meet with a ric 

So minute are the Dialomacejc, that, with few e 
tions, individuals escape the eye of the collector altogethar 
save when armed with a microscope or powerful leal 
Still he should never hesitate to carry off a supply of whi 
may, at first sight, appear to be worthless matter. Fa 
oftentimes he will find examples of most interesting speda 
in gatherings which, to the naked eye, seem entirely desti' 
tute of vegetation, and, for the sake of these, he must bi 
content to draw a ffew blanks in the vegetable lottery. 

It is rare, indeed, to find Diatomucea; in any qusDtiP 
free from admixture with other members of the Algie, ani 
uncontaminated by mud and eandy particles. Generall 



speaking, the cleaneet apecimenx, b; whioh I mean those 
best adapted for immediate preparation, are the filamentoua 
genera ot Meloeira, Odontidium, Fragillaria, and Scliizo* 
nema; also certain parasitical kinds, Huch as Coi^ioueia, 
Athnanthes, Synedra, Gkimphonema, Licmophora, &c., 
which often cover the plants to which they are attached 
to such an extent as to hide the original form. 

With regard to the fossil Diatomace^e it is a singular 
&ot, that although they exiflt in auch countlesa quantities, 
they are nevertheless ranged under a very small number 
of Bpecies. 

As in the case of the Alga generally, the outfit required 
for gathering DiatomaceiB ia of the nimplest kind. A 
common ii'on spoon, to scrape the auriace of mud ; a few 
small bottles, wide-necked and cork -stoppered ; a quantity 
of oiled paper, or some atmiliiT maierial. With these few 
articles the botanist may safely commence an expedition 
in search of these minute plants. 

[The collector will often come ncross likely-looking spots, 
lying beyond the reach of his arm ; perhaps a mass of 
weeds in the middle of a wide ditch, or a tempting hollow 
at the base of a steep slippery bank. To meet this con- 
tingency, he should provide liimself with an ounce vial, 
broad-brimmed and wide-mouthed, and, besides, a stout 
india-rubber ring. The bottle, when required, can. be 
eaeUy attached to the end of a walking-stick by means oi 
the ring (as shown in fig. 24, Plate v.), and then in- 
serted amoug tufts of AlgtE, &c., at some distance from the 
aidfl of the pond or stream. — Ed.] 
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The Diatomacej: may be conveniently divided into twa 
clasHes. the free species, or those wliich have an indepen- 
dent existence ; and the stipitate, or such as are attached t» 
other objects, generally the larger AlgiE, by means of a 
stalk. This kind of classification, though purely arbitraiy, 
is not without a certain importance, so for aa the purposes 
of collection and preparation are concerned ; for, as it ifl 
one of the main points in a veil-ordered herbarium t6 
retain the natural habit of each plant, ^ 
look the various modes of growth to which the Diato- 
mnceie are subject. 

[Acting on the Horatian maxim, that 









I add here a few examples of ihe two classes of Diatorm 
referred to above. Figs ^5, 26, Plate v., represent memben 
of the ' Free ' genera, Navi':ula and Pinnularia. 

In tjiese it ivill be seen tJiat each plant is a eeparate anJ 
independent individual ; whtreas in those which follow 
individuals are attached together, or to some other bodj 
either by a slender cord, or by a stem, from tlie ends 
\ wdes of which they are produced ; in other words i 
■ ' 6tipi[at« : ' for tliene see Plates vi. and vii. 

A third form includes the Frondose species, or those ii 
irous individual frustules are enclosed ii 
aeld together by, a coating of gelatine ; bearing, ir 
' !, a strong resemblance to the frond of a tiny seaweedi 
o 34 (Plate viii.) belong to this group. — Ed.] 
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Tlie free growing members of tLe family (or tlicse 
whicik. are in do sense parasitic) are found entaDgled 
among the tuAs of filamentous Algte, Oeuillutoria;, Mosses, 
&c. ; ot we Bee them below the sm^iice of the water, 
wherever the soil, or a atone, or Jallen leaf, ia atained with 
a yellowish brown hue. In Ibe lutter case the colour ia 
almost inTariably due to multitudes of Navicu]aceB3 and 
Nitzschiffi, genera which usually prefer shallow spota, only 
a few inches deep, though occasionally they occur in 
considerable depths, as far example in Alpine lakes. In 
swiftly flowing streama they become more scattered, and 
numbers of them remain suspended in the foam, consecjuent 
on the Avater heating violently against stonea and other 
obstacles, and thiia may be easily coUeatod without any 
admixture of aand and mud. In hke mamier they often 
riae to the surface with the bubbles of gas, which are 
disengaged from watet-pknta under the influence of the 
Hun'a rays. Whenever these foam bubbles are seen to be 
tinged with a brown colour, tie collector knows at once, 
that they are charged with nimierous specimens of the 
plants he is in BeBrch of, and he has only to skim them ofi 
into a wide-mouthed bottle to be sure of ample materials 
Hir study on his return home. Those indiTiduals which are 
caught among the filaments of AlgEe, or Mosses, must be 
gathered with the latter, care being taken to drain as little 
moisture as possible from the tuft, lest the Diatomaceffi 
escape with it. Let the whole mass be careflilly laid in 
oiled paper, and on afterwards washing it in clean water, 
the lesser Algte will be disengaged from their temporary 
niduB, and after a while sink to the bottom of the vessel, 
when the superfluous water may be poured off. If it is 
desired to dry the sediment at once, this can be managed 
by filtering it through some fitting material. 

It ia less ea^, however, to separate them from the 
Oscillatoi-iEe, because the latter are so fragile, that it is 
almost impossible to prevent numerous fragments of their 
"'" i from being mingled with the Diatomacese, To 
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get rid of these, the objects to be cleaned should be placed' 
in ail evaporating dish of porcelain, or in test tubes (eu 
as are used in chemical laboratories), into which soi 
strong mineral acid — miiriatic or nitric — haa been pr© 
vioualy poured, and the whole suspended over a spirit" 
himp. By this means the fragments of Oflcillatoriffi an^ 
other organic matter will be dissolved, leaving a residuuiH 
of the siliciona coata of the Diatomaceaj (which . 
practically indcBtructible), and also whatever fliuty p 
tides of sand may have been introduced : these latt^ 
ram be got rid of by washing, in a way to be presentlj 
described. 

During the boiling which ensues, means must be takeq 
to let the vapour escape that rises from the heated actdd 
by plnciug the apparatua, for iustasce, on tlie hob of a lira- 
gmte, so tliat the steam may be carried up tlie chimntj 
If this precaution ia neglected, serious damage is likely ti 
ensue to articles in the room, the lenses of a microi 
will be spoilt, and any metallic substance is sore t 
tarnished, not to mention the injiu-y that may be 
to the observer himself, jrom imbibing the poisonuiB 

How long the boiling sbould continue can bedetermin 
only by practice and experience ; a few minutes are gen» 
rally sufficient. Sometimes, however, a second applicadcc 
of acid ia needed, befuro the whole of the organisms on 
dissolved. The best test, perhaps, of this having be« 
accompliRhed is the clear bright appearance of the 
that remains in the tube or saucer, and then the Diat< 
CCOUB valves may be cousiJered as thoroughly cleanser 
To clear them of the acid, empty the mass into a tolerab^ 
large glass of pure water, and allow the DiatomaceEC t 
sink to the bottom. Immediately pour off the wii 
taking the ulmoet care not to disturb the sediment, 
introduce a fresh Biip[>ly, which must, in its turn, 
poured off, and the glass refilled. This should contintii 
imtil a Htrip of litmus paper ceaseq to be tjnged with i 
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reddiBh tua ; a proof that not an atom of tlio acid is left in 
tlie glass. 

The greatest attention must be paid to tliis cleansing 
proceBB, for, should it ho carried out carelessly or incom- 
pletely, the valves, on account of the acid still dinging to 
them, will make verr imperfect preparutiona for the micro- 
scope. Supposing, however, that nit has been done as il 
should be, the flinty coating of the Dialomaceffi suspended 
in the irater will be seen to give it a sort of flickering 
appearance. Time must he given them to settle on the 
bottom of the glass, and then they may he passed through 
the filter and dried; or, if not wanted immediately, lliey 
may be kept in alcoliol for ftiture ohservalion. 

The species which lie on the surface of mud must also 
go through a process of cleansing, for it is exceedingly 
difficult to collect them in so pure a stale as ia needed for 
a really good prepai'ation. They can rarely, in fact, he 
gathered without a large infusion of sand and earthy in- 
gredients, though, of courBOj the more careful the col- 
lector is in taking them up, the less will be hia trouble 
and anxiety afterwards. 

Generally speaking, these species appear as a yellowisli 
broiTO depoat at the bottom of the ditch or shallow pond 
ia which they are found. The finer the weather and the 
brighter the aun, the richer and more conspicuous is this 
deposit, because these circumstances are lavourable to llie 
■vegetative powers of the Diatomaces!, which then move 
with considerable activity, and draw themselvea towards 
the light, forming a thin layer, which may he lifted 
carefiilly off the surfaoe of the mud with an iron spoon, 
and dropped into a wide-mouthed bottle. Sometime.'^ 
iinder tlie influence of the sun'a rays, causing gases to 
bubble up from the underlying mud, myriads of itepc tiny 
plants are caught by passing fragments of Oscillatoriie and 
otlier weeda, are raified to the top of the water, and may 
then be secured in a perfectly pure condition. 
^ When however, as ia mure usually the case, earth and 



20 OF THE FREE DIATOUACE^. 

Band are mised witli the capttired DiatoraaceK, tha former 
must be got rid of by the process of wasliing alluded to 

There are different arrangementa for efTocting this ; in 
the simplGst, a, few wme glasses are aU the apparatus needed. 
Empty the contents of a bottle into one of these, and 
ehake them well together. Let Che glass remain at rest 
for a sboi-t time, until the heavier particles have sank to 
the bottom ; then pour the water slowly and carefully into 
another glass, and the Diatomocece and other light bodiu 
will be carried with it. As some of the material might b« 
lost by clinging to the outside of the glass, in coasetiuenca 
of the slow pasHaga of the water, it is a good plan to smear 
the edge with a httle taliow or suet : this ivill caiue ibo 
water to flow ia a steady compact stream. Now let thft 
vessel be quite etill as before, bo as to allow of the heavier 
ingrodienta once more subsiding, and again decant the 
contents, leaving the residue in the glass. This process 
may be repeated again and again, imtil the Diatomactte ara 
entirely purified from all admixture of mud or sand. 
Indeed, by the same mode of proceeding, the larger Rpeciea. 
may be effectually separated Irom the lesser ; becausei 
owing to their weight and form, certain kinds are sui 
reach the bottom more quickly than their lighter i 
panions. The clearer tlie water appears to the ey 
much the longer must the glass remain at rest, becaose, in 
consequence of their smaller specific gravity, the leaser 
species take a longer time to dnk. Lastly, the separalo 
deposits are to be examined under the microscope, and 
their contents filtered and dried. 

The plan recommended by Okeden is rather more 
oomplicat«d than this, but is perhaps more effectual ii 
end. The gathering of mud and Diatomacetc is emptied 
iato a tall narrow vessel — a champagne glass for instance — - 
into which water has been poured to the depth of two 
inches, and is then to be stirred with a glass rod. Tbs 
^eesel ia left quiet until the more solid particles har9 



separated llicniselveB, and sunk lo tlie bottom. Tliia iviH 
take place in abdut half a minute. The fluid is next 
carefully decanted into a second glaaa, and the amount of 
water loist mude up, t1ie eanie process being gone tlirough 
five or six times. The sediment in the second glafs now 
contains all the Diatomaces; and sandy particleii, which 
were too light to subside during the first half niiniile. To 
separate these KtiJl fiuther, this sediment is treated exactly 
as was the original gathering, excepting that a longer time 
is given it (say two minutes and a half), between t'ach 
decanting. In the same way the contents of the tliird 
glass are sorted, only tliaC a still longer period, not less 
than five minutes, is allowed. Every glass now contains 
samples of DiatomaecEe, mingled with earthy ingredients of 
varying weights, the last glass having of course the 
lightest. To remove .the foreign bodies altogether, each 
mass of sediment is placed in turn in a sliort wide glu:9, 
and about an inoh Leijiht of water is poured over it, where 
it is left: for a minute or two. As soon as the whole of the 
contents may be supposed to have si'ttled, a rotatory 
motion is given to the water, by moving the vessel with 
the hand in a ciroular direction. The Diatomauete, coc- 
sisiing mostly of thin plates or valves, are raised by the 
agitation of the water to the suriaee, while, on the other 
hand, the aundy particles being more or less round, are 
rolled upon each other at the bottom, and gradually collect 
in the centre of the vessel. The fluid is now quickly, but 
wiih great care, decanted into a second glass, where the 
Diatomacem are allowed to subside. What remains in tlie 
first glass may be again and again submitted to the same 
process, imtil it is tolirably certain that not a single 
Diatom has been overlooked. 

In order to eflect a separation of the different specie'J, 
by taking advantage of their varying specific gravities, 
the following method, introduced by Mimro, is excellent, 
md baa the merit of great simplicity. A glass tube, 
I to four J'eet in length and half an inch wide, is 
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suspended, or fixed, in an upright position. To tlie lower 
pai't ia attafhed a, short piece of india-rubber tubing, 
eodiug in a glass moutlipiece with a fine opening, and 
provided with a kind of tap, knowa in Germany aa a 
' Quetschhuhn,' which may be freely interpreted ' aprmg- 
tap.'* The AlgK having been partially cleansed from 
sand and dirt, the maaa is poured into the upper opening 
of the tube, and a short time being allowed for settle- 
ment, the tiip ia opened, and a portion drawn off into a 
glass. The tap being again closed, and a few minutes 
allowed to pasa, Eonie more of the water ia run into ». 
second glass ; and ao on, a longer period being allowed 
between each opening of the tap, until the whole of tha. 

• Aa this pccuUar and most useftil fnrm of tap is, I Iwlieve, nn- 

known, or nearly ed, to Bugliiih Diatomulo^ials I append a short 

i'ig.36. 'desCTiption. Iteoo- 

T-' nn A sisls, as ahowD id 

TiS. 3S. i .1. 

= <^ tho nocompanying^ 

figures, ofanelflslie 
mia bent round to 
foTDi tvo paralld 
MfB, which srl 
again tent at right 
crusa one tinotber, 

_ ___ _„^ button A, B. lift 

5, elnatioitj, nhen made to grasp Ihs indift-rabiiBf 



EBCflpe from the tube, it ia only necPSBsry tO-, 
press the buttonB A, B, upon which the tw* 
sides sepBTBlo to anj requirod eitent. On re* 
JeasinR the bnttons, ihey iniincdiatdy fall baiA. 
10 their former position, and the flow of liqui^ 
is arrested. 

This (nstromi'tit (wbieh moj he procured at 
Mr. Baler's. 243. High Holbom) is greotly to' 
Lp preferred to tbp ordinaiy stop-cock for vb» 
in washing Diatoniaeeie; being cheaper, morn 
paaily cipaned, and fur less liable to get out 
of order, or to be cboktd by saniJ or mud. — Eo. 
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fluid IB receJTed into several glasses. If now these are 
exBDUned, it will be found that they cuntaln individuals of 
different apociea, for the heaviest sorts sank first to the 
bottom of the tuhe, and were the first draivn off, the 
lighter awam longer on the aurface of the water contained 
in the tube, and were the last therefore to leave it. 

Another plan, as ingenioua as it is easy to put in 
practice, is that reeommended by Eeinieke, the principle of 
wliich is founded on the peculiar property, possessed by 
the Diatomaceie, of pressing towards the light. Having 
collected a quantity of mud, which is seen to be overlaid 
by a deposit of Diatomaaeie, it in spread out on a aliallow 
plate, a common dinner plate answers the purpose very 
well. Upon this is laid a piece of thin linen, or canvaaa, or 
cotton stuff, and sufficient water gently poured upon the 
whole to cover it entirely. The plate is then left near the 
window of a room in a clear light, or, better still, where 
the fiJl rays of the sun may tiiU upon it. The liny 
organisms immediately begin to creep dirough the meshes 
of the overlying cloth, and, in two or three days, form on 
it a tbickiah coating (free Irom all eartliy matter), which 
may be taken up by means of a camel's hair pencil, and 
hiid upon a slip of glasH. Of course this process is avail- 
able only so long as the plants are fresh and full of life. If 
left too long in the room, they lose their vitality, and must 
be got at by some other means. Another point to be 
remembered is, that it can be employed only with certain 
species, such as the Nitzschire and KavioaliE, whose move- 
ments are perfectly free and active. There are numerous 
genera in which the individuals have but slight inherent 
powers of motion ; these cannot be prepared after this 
method. 

Gerstenberger's plan of propag.atjng Diatom aceas in 
confinement, depends on nearly the fame principle He 
also spreads out the mud on a plate or shallow dish, and 
placea it near u window in the full light of the sun. 
~" ila rajs, the planta begin to nniltip^ 
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[ rapidly, forming a bro^vn layer on the Burfaoe of t!ie mtiJ. 
I As Boon as a Biifficieot quantity Ls produced, tiie water la 
illy poured away, or (preferably in my opinion) is 
drawn off by the aid of a email 
glass sytinge. The mass is novr 
to be swept up with a camel's 
hair pencil, and either deposited 
at once on a slip of glasa, or im- 
mersed in clear water. The mud 
remaining in the plate may be a 
second time moistenedand placed 
in the sun, and the collection of 
the Diatomacea) repeated as be- 
, fore. By degrees, however, the 
vitality of the little plants ex- 
hausts itself, and it is necessary 
to reviye their vegetative powers. 
This may be iiccomphshed b 
' creating for them an artificii 
spring and winter. And there H 
in truth, no difficulty in ptfl 
ducing these unseasonable s 
You have only to b" 
the water to evaporate, and ti 
mud to become nearly, not qui 
dty. Then pour fresh wn' 
over it, and once more the Diai 
tomseeEB break up, and veget* 

1 commences anew, 
way, gatherings originally j 
may be made to yield i 
dant eupply of plants. 
Another contrivance for obtaining the Dialonucete i 
pure state ia the washing appamtua of Benning, fig. 87. 

It consists of a glasa cylindtT, two feet six inches i 

height and two inches wide, on ooe nide of which fb^ 

" s arc pierced, c, d, e,f, the lowest at four inches froi 



the bottom, the others heirg about eight inehea apart. 
Each hole is provided with a aliort tube, of glass or gutta 
percha, and a stopcock, (ir spring tap, bo that water may 
be draivn into vesaela placed below, through either of thfi 
holes, and in any qutintity required. At tlie apes of the 
cylinder a iiuiiiel, g, is placed, and to it iBBttached a narrow 
glass tube, h, of sufficient length to reach almost tn the bottom 
of the cylinder. To the lower extremity of the tube, k, a 
kind of mouthpiece of glass is joined (a short piece of 
india-rubber tubing will effect Uie junction), drawn out 
into a very fine opening. Above the flinuet, g, eitlier 
placed on a stand or £xed against the wall, is a tin vessel, 
J, with a short pipe, ifc, leading into the fimnel. This vessel 
is for the reception of water. 

The method of uwng this little apparatus is as follows t 
— The Diatomacefl!, roughly freed from mud and sand, are 
poured into the cylinder, a, h, and immediately sink to tlie 
bottom. The funnel, g, being replaced, the tap, k, is 
opened, and walw beginH to flow down the inner tube, h. 
The effect of this is to cause a grand disturbance among 
the imprisoned Diatomaces, wliich ate forced up the sides 
of the cylinder, a, h, the lightest of course being the 
highest. ■ On opening the .uppermost, c, of the four side 
siuieea, the water, loaded with DiatomaceEG, issues into a 
wineglass, or some similar vessel, and this should he 
continued as long as the fluid remains thick. As soon as 
it appears clear and bright, let the nest tap, d, be opened 
(the upper one still being allowed to discharge its contents), 
and the water caught in a second glass. This second glass 
will then contain all those Diatomacete which were too 
heavy ta rise to the level of the uppermost tap, o, but at 
the same time too light to sink below the level of the 
third tap, e. And so the process is continued until each 
of the taps has been opened. 

It will be well to bear in mind, that t!ie flow of water 
from the reservoir, j, can be regulated very nicely, and the 
quantity discharged lessened or increased, by means of the 
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' tap, k, leading into the funnel. The amount of disturbance, 
I also, to Trhich the Diatoroacece are Bubjectol can be altered 
at will, by having mouth-pieces of different si;£e8 made for the 
fimnel tube, h, so that the apparatus ia completely under 
the control of the operator, and any degree of washing can 
be given to the contents of the cylinder — the column of 
water issuing from the funnel and the opening of the 
mouth-piece below being made to bear a certain relation to 
each other. 

The Diatomacete being now cleansed from all impuritiea, 
the next step is to put them away in tlie herbarium. If 
the quantity be suQicient, it ie a good plan to lay them 
(using a camel's hair pencil for the purpose) on stout paper 
or cardboard, and there let them dry. Shoidd lliey be 
wanted for examination under the microscope, it is easy to 
' take up a portion, about the size of a pin's head, and lay it 
on a glass slide. If, however, the original supply is small, 
< the whole may he placed at once on a glass slide, protected — 

hj a tliin glass coTering. The udvimtnge of this method ii, 
I that the object is always ready for microscopical obaervatio^ 
' and comparison, and the same preparation may be examine)' 
any number of times. Care, however, must be taken 
while liiying on the drop, that the individuals are not to- 
crowded together, but that each one slands out distinctly f I 
otherwise the passage of light is interfrred with, anda JuiJ^ 
shapeless mass b all that meets the observer's eye. 

The seientiiic value of each preparation is increased b 
having at hand some specimens in a ' crude ' state, that i 
to say, with the endochrome in situ, and not removed bfl 
an acid. The difference between these two states is this; 
when the valves have been submitted to the action of 4 
strong acid, tlie dehcat« aculpturing of the silicious < 
comes out, under proper illumination, in a marvellou^ 
ivay ; but the endoclirome has entirely disappeared ; 
plant is, in fiict, a mere shell. In the other case, w 
the individuals are not submitted to an acid, and t 
examined in a fluid, the markings are Kcorcely viublft 
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very often they are not to be seen at all ; but the contents 
of the valves can be made out clearly enough. For this 
last piu-pose, then, the plants should be put away in small 
bottles, filled with very dilute alcohol. When required for 
use, let the bottle be well shaken, insert a glass rod, and 
some of the finistules are sure to cling to it, and be drawn 
out. The drop may then be placed on a slide, and the 
mixture allowed to evaporate. 

If, as is often the case, especially with the fossil species, 
the valves will not adhere to the slide, recourse must be 
had to a very thin solution of gum arabic. By placing a 
minute drop on the glass, and then immersing the specimens, 
their adhesiveness is ensured. However, tibis plan should 
only be resorted to in extreme cases, for the residuum left 
by even the purest gum is very apt to interfere with the 
beauty of the preparation, and to spoil the delicate markings 
of the valves. 
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OF THE STIPITATE DIATOMACK.E. 

The fact that certain kinds of Diatomaceie are attached 
to other bodies by a footstalk oc pedicel, not only fbrraa a 
convcnieut ground of division to tlic collector, but has a 
BpeciBc ToJue !□ tlie eyes of the systematiit. That this is 
so ia proTed by such genera as Cymbella {Agardli), and 
Caccaatma(Shrenber(/), Sphenella (KiiUin/j), and Gompho- 
iiema {Auct.), Achnanchidium {KUUinff), and Achnunthea 
{JJor;/), which are respectively separated solely on this ac- 
count. CymbeUa and Coeconema, for instance, are precisely 
the same in form and appearance, except that the former is 
free and the latter stipitate. So with regard to many 
Fpeciea of Synedra, great attention is paid to the manner ia 
which they are attached, some being adherent during the 
whole term of their existence, while others become free at 
I very early stage. And a single glance at the genera 
Podosphenia (Ehrenberg), Rhipidophora {Ehrenbei-g), and 
' Licmophora {Agmilh), is sufficient to show how much of 
the characteristic dJlFcrences existing among these plants ia 
made to depend upon the existence and position of the 
footstalk. 

The stipitato BJnlomnceffi must naturally be Kearchod for 
in somewhat different localities to those in which the tree 
species love to dwell. They are, in fact, to be found ad- 
liering to the krger Algs and similar water plants, oAen iu 
enormous quantities. If the smallest atom of one of tl]eM| 
loaded plants is separated irom the parent branch, 
carefully spread out, with the aid of a needle, on a g 
slide, llien olloivedto dry, and submitted to the n ' 
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a whole forest of parasitic Diatomacete will come into view. 
The worst of tliia drying process is, that, in the species with 
long pedicels, the connection between the head and the stalk 
isalmoBtsure to be broken, the former separating and falling 
to the ground. The only way to avoid this is to keep tho 
plants in a mixture of one part of alcohol to six parta of 
water. The same Bolntion ia recommended aa n preservatire 
for many species, which are united together and form a long 
chain, as for instance Odontidium, Melosira, Diatoms, and 
Tabeilaria. 

In aearching for these minute plants, the collector will 
often be guided by the reddish-browa tint, which colours 
the AlgfE on which they are growing, and which betrays 
their presence. Thia ia especially the case in the bright 
Hunahine, when it often happens that tufta of weed float on 
the Buriace of the water, upheld by the gases which have 
been generated by its rays. The quantity of Diatoroaceie, 
which are sometimes found on the larger Algte, is almost 
incredible. Species of the genus Cocconeia (Plate viii. figa. 
88, 33) not unfrequently dothe Confervacete (for instance, 
Cladophora glomerata) with a deep red brown colour, to 
such an extent that not a trace ia to be seen of the original 
green tint of the Cladophora. The Polysiphonise and 
Ceramia are not tinfrequently so completely hidden under 
maaaea of Synedra and Achnanthea, that in point of fact 
they become, not independent plants, but the invisible 
axia of a coating of Siatomaceie I Others, however, of 
the stipifate species occur more rarely. To secure these, 
the collector must not forget to examine closely the 
various filamentoua Algra he may chance to come acroaa 
on his excursions, and to carry off a small piece with him. 
He must be careiul, too, not to overlook those plants 
whose acquaintance he haa already made earlier in the 
aeaaon ; for it often happens that a colony of Diatomacew 
will fix themselves on an Alga late in the year, of 
which not a specimen appeared when the plant was first 
examined. 
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In many species (as, for instance, Melosiravarians, Odon- 
tidimn mesodon, &c.), numerous individuals are united 
together so intimately aa to form 3 sort of chain. Thea& 
on being detected, may be at once removed from the water, 
laid on paper or glass, and dried. But this must be done 
while the plant is etill fiesh, for, qh eoon as its vitality 
ceases, the links of the chain separate, and the -whole falii 
into a mass of minute fragments. The counection, lioweTerj 
may be piEsorved for a long time by immersing the plant 
in the alcoholic mixture mentioned above. 

Another manner of growth obeerved among the Diato- 
maceffi is that of an amorphous mass of gelatine, or gelatinooa 
tubes, eaclosing numerous individual plants. Each tube or 
sheath forms a kind of frond, adhering at one extremity tO' 
the larger Algic, or some similar object ander the water. . 
Of this kind are Encyonema, Homo^jcladia, Schizonema, and' 
ntmierous other genera, in which the frvnd is persistent; 
while in Colletonema and Fniatulia the sheath appears lo be 
of a more temporary nature ; in fiict, to be ac abnormal' 
development due to ihe influence of some imknown causea, 
rather than the regular growth of the plant. The beginner 
wiil be better able to judge of the structure of this group 
of Diatomacete by consulting Plate ix., as aim figures 31 
to 34 on Plate viii. 

Finally, in Gomphoneila olivacea the stipes, or footstalk, 
appears half dissolved in a kind of mucous matter, in wliich 
the wedge-shaped frustules are embedded. 

Such of the AJgiE aa have been laid on paper may ba 
put away as soon as they are thoroughly dried, without 
any further process but that of attaching a descriptiva 
ticket to each, of which more wLl be said hereafter. 

Those, however, which have heen laid on glass, muf 
placed for preservation in a paper envelope. The shape of 
this envelope is of sufficient importance to warrant a figure 
and description, for upon it depends the future safe-keeping 
of the slide. The latter, in fuct, must lie so firmly iu its 
covering, that the tender plants may not be rubbed off in 
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the unavoidable removals from the herbarium, or from any 

accident to the papers in which they sire contained. The 

saiety of the DiatomaceiE is beat 

secured by making the envelope ^'S- *^' 

of the form annexed, fig. 43. Tl 

slide witli its depoat is laid c 

the aquare, 6, face upwards. The 

Upper square, a, ie carefully folded 

over it, and tlie double square 

thus formed is again folded over 

the lowest part, c. The two wings, 

d, e, being eucceasively bent over 

the whole, prevent the glass from | 

iklling out at the sides. 

Should the plants be of a pecu- | 
liarty delicate nature (as is gene- 
rally the case where they have 

been subjected to the action of an acid), it is a good plan to 
gum a strip of efli-dboard on each side of the central mass, 
a, 6, fig. 44. Upon these a loose piece of glass niay be laid 
whenever the specimens are put away, which may be taken 



^ 




off when the latter are required ftr 
sure that this arrangement o( the coicnng gliss had not 
better be the general rule with beginners instead of the 
exception, because it enaaies the safe keeping ol the en- 
doeed AlgK. 
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If the contents of the slide are not likely to be disturbed, 
after having been once deposited, or if the valyes will not 
readily attach themselves to the slide, it is better to cover 
them at once and permanently v^ith thin glass, drawing a 
ring of Brunswick Black round the edge of the latter, to 
exclude the air. 
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OF THE DIATOMACEi. 

Before conclddino my remarks on the Diatomacete I wish 
to call the attention of the reader to the priiici]ml cLarac- 
teristicfl by which they are diHtingiiished from other mem- 
betB of the vegetable kingdom. These are their ibrm antl 
the curious markings of their eilicious coata ; and wiih 
these, varying as they do in tlie most extraordinary 
mamier, die botanist should make himself thoroughly 
acquainted. 

With regard to the form of tho plant, te must not be 
content with a single view of Uie individual, however 
favotirable it may seem. Whichever aide is turned towards 
liim, when the specimen is iirst plooed under the lens, his 
first object should be to roll and torn it on the slide, in 
«ach a manner as to expose the other side also to view. 
This is a difficult business with many of the species (those, 
for instance, of Fragilaria) which are propagated in long 
ribbon-like filaments, and which, from the flatness of their 
outline, lie close against the glass. He must be prepared, 
indeed, to give up a good deal of time, and to exercise no 
little patience, before he accompliahes his object; but 
practice and experience are sure to bring success in the 

Aa the language in which autliors describe the two 
aspects under which every Diatomaceoua Alga ought to be 
viewed is often obscure, the reader may get a good notion 
for himself by the inspection of an ideal figure like that 
wbich is here annexed, fig. 45. It represents a column or 
CJ'linder, divided into several parts, and, by naming the 
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long cyliuiirica] anrfiice, a, h, tlie ' front view,' • and the 
bu%, c, b, the 'ade view,'f we see that the two aspt 
bear the same relation, as do the long and short axes of 
cylinder, to each other. 

Now, if we suppose the cjlindei" to be divided into 
several very thin sections, a d, d e, e t, itc, in lines per- 
pendicular to its longer asia, it is clear that, so long as the 

Fig- JS. 



rows of sectiona remain attached to each other, the cylin- 
drical surface, a, b, appears to the eye of the obaorver the 
Inrgest, and ia in fact the ' front' But the whole aspect of the 
object is changed as soon as the segments are separated 
and placed apart, as f, g. Tlien the base exposes the 
larger surface, ft, and Li really the ' front ' to the observer. 
HowCTer, to avoid confiision, and to have fixed ideas i 
reference to these parts, the base (or part through which the 
knife passed in our imaginary section) is held to be the 
' side,' while the name of ' front ' is appropriated to 
part which is cut through, notwithstanding ihat the so- 
called ' aide ' may be more conspicuoiia and more frequently 
exposed to view. As the Diatomacete propagate them- 
selves by self-division, thereby forming longer or diorter 
rows of frustules, the diagram given above affords a 
representation of the manner in which the friiatulea are 
attached by their ' sides,' as the collector may easily satisfy 

" This IS the ' primarj ' side at KiitEing and the ' secondary ' o( 
iiubrnhorst. 

t Thin is tbfi 'primary' side of Ratoiihorst. and the 'sMondacy' 
o( Kiitiingi BO widtlj Jo aulliora difftr in their uom*nclaluro. 
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' himself, especially in the early spring, when, tlie procesa of 
multiplioation ia being rapidly carried on. Melosira va- 
rians, Odontidium, Fragilaria, and mimerotia other kinds, 
are invariafaly produced in this manner, and are to be found 
almost everywhere. 

It is more difficult to represent the relation whicb these 
two aapecta bear to eac]\ other in species with unequally 
developed sides, as Cymbella, or in tbrras similar to those 
of Biddulphia and Triceratium, Plate x. It may help to 
guide the young botanist if he keeps in mind, that the 
' aides ' are the silicious membratiea p;^ 4^ 

which, from their enclosing the contenis 
of the plant, are more appropriately 1 
named 'valves,' while the 'front' is the 
iranie or hoop, as it is generally termed, 
which binds the flinty surfaces together, a c I 

It is on the valves (that is to say, under 
a ' aide view ') tliat we more generally find those wonderful 
BCtdpturing^ which serve the purpose, in a great measure, 
of ^tingnishing the species. Perhaps the above remarks 
■will be made clearer by an examination of the annexed 
fig. 48, in which a, b represent tlie two opposite surfaces 
(valves or sides) of a Navicula, and c is the frame (hoop 
OT front) which holds dieni together. 

In most cases the Diatomaceie offer a valve or side view 
to the observer, the front or hoop being completely out of 
sight, or only visible aa a narrow line or suture encom- 
passing the valve. He is therefore compelled, in order to 
get a fiill view of the hoop, to change the position of the 
fruatule by turning it round, which 13 best done while 
the plant is immersed in water. If it has been already 
dried, it should tirat be allowed to remain a short time in 
alcohol to get rid of the air, which is almost sure to collect, 
especially in tlie larger specimens, and mar their beauty. 
This being effected, let the plants be placed on a stage 
jilate, a drop of water added, and the whole covered with a 
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giaaa." The nest step is to give an almost imperceptibl) 
inclination to the covering glaaa by gently pressing o 
the edges with a fine moiuited needle. Tliis causes a tii^ 
iitreani to ilow under the glass, by which means the plai ' 
are put in motion, and begin to roll over. Meanwhile t 
object imder examination must not be allowed to escap 
fi^m the operator's view (a mishap which will i 
oconr if the covering gliuss be too roughly handled), as ] 
is often most difficult to catch mght of it again. Anothf 
reason for exercising great care in the use of the needle ii 
that in very flat species (such as Himantidiura) the hoc 
is 30 narrow as to form a mere suture. Consequently il 
fruetule, as it turns over, assumes an erect position for 
single second only, immediately resuming- its former p 
tion aa the stream of water flows back ; so that, tinlel 
extreme care be used, the observer will scarcely eft 
succeed in getiing a front view. 

Ithappens occasionally that the plants themselves preseq 
both valve and hoop to view, or that they rest agaiu 
some foreign, body in such a way as to show them, withoa 
any special manipulation ; but these must be looked upo: 
as hapi^ accidents. 

If it is desired to make a drawing of these delica 
organisms, and I would strongly recommend the collecto 
1, this may be accomplished by means of the cai 
■ Sommering'a mirror or steel disk. For i 
of these instruments, and the method of uaioj 
them, I must refer the reader to worts more peculiarly de 
voted to the microscope.t 

The markings on the silicious valves of the Dia: 

• The thicker this covering glass is [in reason), the more conr 
nient ia it for the operator; becouse very thia gluaaea are difficalt ' 
mani^e, and the water ia opt W overflow thair edgee, and dim tl 
siirfai^o. Of coiiTBo the paaitive thickneaB of the glnaa must \ 
drcided by the powers of the objective in nse at the time. 

t Micrograpbic Dictiqnaiy, Introdurtion, p, iji. ; or Beale's 'Ho 
to Work with the Microacope,' p. 20. 
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are not only very beautiful objects in tbemaelvea, but also 
of great importance in the deteraiination of apeciea. Tliey 
are dependent on the presence of certain ridgea, called costs?, 
which are connected with an inner membrane, and also of 
numerous points, more or less fine, which dot the exterior 
membrane. Theae points, though sometimea scattered 
about without order, are more usually seen to be in regular 
seriea. Under a low power, the rows of pointa appear as 
lines extending acrosa or along the surface of the valvp. 
They are then called siriic," and, in. determining species, it 
is naual to apeak of them under that name, although with 
a very high power most, if not all, of the striffi are resol- 
Table into dots or pointa. The differences arising from the 
fineness, approximation, and poaitiou of these striie con- 
stitute the characteriaticB employed in fixing species. The 
costs ia always visible, even when the valve is immersed in 
water ; but to bring out the Htrice and pointa clearly is a 
much more difficnlt matter. Before all things the contents 
of the frustole must be entirely removed, or the latter will 
notbecome transparent. Next to that it must be thoroughly 
dried ; for, if the hollows on the surface of the valve con- 
tain any moisture, the passage of the iight ia interfered with, 
and the markings rendered indistinct, if not invisible. 
Lastly, the resolution of the strise requires not only a 
really good microscope, but also extremely careful and de- 
licate manipulation, especially as regards the illumination 
of the object. 

In order to dry the fmstules quickly and with safety, and 
to fl^B them from endochrome and other eoft subatancew, they 
may be exposed for a few seconds to a red heat, which will 
entirely destroy all organic matter, will dry up any re- 
maining moisture, and leave the silicious valves bright and 
transparent. The heating is accomplished by placing a 
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quantity of the DiatomHceie on a thin sheet of plntinlim, and 
holdiDg it over the flfttne of a spirit lamp. Ah booh as tba 
foreign matter ia consumed, the frustules are to be removed 
from the platinum, and spread out on the stage plate &a 
examinatioa. 

It is Homelimea more convenient, if the individual plant*' 

■e very minute and diffusad tlirough water, to employ scale* 

'mica in lieu of platintmi. But care muBt be taken in tlM 

I selection of the mica, as not every piece that comes to hand 

is suitable for tlie purpose. A piece must be chosen, wbidi 

separates easily into flakea, ia clean and pellucid, and doa~ 

not grow liim when exposed to extreme heat. Moreover, i 

must not be too thick, otherwise the scales are apt to fly apaiC 

during the prooera of incineration ; nor too thin, because, ia 

that case, it becomes dull and opaque under the influence 

of the heat. Experience alone can guide the operator iaj 

chooxiag the right thickness. 

When the frustules have been laid in a drop of water tn 
a scale of this deHiription, the latter ia to be held, by the 
aid of a forceps, at some little distance above tlie flame, ao 
that the moisture may evaporate without boiling. Strict 
attention must be paid to this point; for, should the watat 
be allowed to boil, the frustules are thrown on their edges 
by the action of the air, as it is set free, and long datk 
heaps are formed on the surface of the mica, like Liliiputiaa' 
moraines. So soon as the moisture is entirely dissipated, 
the plate may be lowered into the flame, and there held. 
At fii'st the preparation assumes a black colour in conse* 
quencs of the organic matter becoming carboniaed : in the 
next stage it turns red, and finally white ; a token that all 
the foreign bodies have been got rid of, and the emptjr 
valves alone remain. 

The period during which the frustules should be exposed 
to this great heat is a matter of considerable moment, and 
must be carefully watched. Too short a time is insufiJcienK 
to destroy the organic substances, and the valves c ' "* 
dark and impervious to light. If the heating ci 
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long, the markings lose their Blinrpnesa to a great extent, 
owing to a kind of glazing operation, which follows on the 
nielting of the alkalies contained in the water. On this 
account diatilled water should be employed, ea as to avoid 
the prasencs of calcareous salts as £ir as possible. 

AAoT tliia preparation, the frustules may be placed under 
tbe microscope, where a most astonishing sight awaits the 
eye. So wondei-fully minute, however, are the markings 
brought out by tlie incineration of the vegetable matter, 
that, except in a few rare instances, they escape dotectiou 
altogether when the transmitted light is direct ; that is to 
Bay, when the rays falling upon the object are parallel to 
the axis of the instrument. In tnost kinds of Diatomaceffi 
the light must be directed obliquely to the lines of striie, 
before their minute structure becomes visible even with 
the highest poweis. Oblique light, it may be observed, is 
obtained by thmsling the mirror to one side of the axis 
of the microscope. The diaphragm should be removed, to 
allow free passage to the rays, when the latter will fell, so 
to speak, upon the edges of the lines, and render them 
visible. If this proceeding is skilfully managed, the whole 
system of lines, of which some species possess several, 
running in different directions, is brouglit under the eye of 
the observer. 

It is well here to remind the student, that, in order to 
dharpen his experience and to accnstom himself to the 
deteclioQ of these minute points, he should provide himself 
■with what are commonly termed ' test objects,' of which tJie 
Difttomaceous femily offer some excellent examples. For 
the lower powers, those magnifying ftom 200 to 220 times 
linear,* Pleurosigma attenuatum forma a good test[ for 

* 'When one ctimenBion only of bji ol^ject is tafeen into acoonnt, 
vix. the breadth or dittniMer — and this is the ordinaty miuiner in 
wllSilh the magaifyini! power is taken — ol^'ects are then said to bs 
nutgnificd so >nBn;F diiLDielerB, or so maay times linenr. But objects 
■le really HS Dtach magnified In the □thoi' dimension, or in tbeir 
~ "" fnrfiwe; so that (ha tcuo eippesBion of their amplification 
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[the higher powera, Pleurosigma angulatuin ia a fair object 
pin the former of these two, with direct light, longitudinal 
etriieare seen; but, when the rays are thrown on it obliquely, 
a Becond aeries of lines appears at right angles to the longer 
axis of the valTe. A threefold sjatem of atriation is dis- 
corered in Pleuroaigma angulatum by careful adjustment 
of the light, Tiz, a aet of lines perpendicular to 
and two other sets of lines running diagonally 
valve in opposite directions. 

The student will find on several of the plates exampleff 
if ' atriation.' I would refer him especially to Plates 
liC25, 2C), VIII. (38), XI. (49). 
I I need scarcely add thai, in such delicate operations, 
Vvhere the slighteat displacement of the focus changes ths 
Bnrhole aspect of tlie picture, a steady hand and a sharp eya 



As the number and direction of the atrife are variable' 

' in the different species, though singularly uniform 

dividuala of the Hame spfcieB, they are moat important 

elements in grouping these plants. For this purpose th«' 

liaes must be counted, an operation requiring no hCtle 

I clearness of vision; indeed, it is well to give the eye K 

k'thorougb reat for some seconds before beginning. As a 

Tirule, Btriationa showing forty rows or leas in I'lOOO inch, 

are managed without difficulty where the illumination is 

rightly attended to, and the defining power of the ohjectivB' 

is good." The caae, however, is different with the finer 

markings, and about these there seems to be the greatest 

would be given by multipljing that in one direction by tlist 
other, or by itself; i.e. sqaaring the linear magnifjHng pow^i. 
This is called the tnjifHicisl meaaurement. Thus anpposing a mi- 
croscope to magniiy 40 diameters, 40x 40 — 1600 vdqIJ express tha 
mBgnifying power m BBperficiol measure.' (MicrographiL'si Did), 
p. 448.) 

* Of the tiro speciea of Pleuroaigma msntjan^ above, P. . . 
lam has 30 longitudinal and 40 UansrerBe ttrm ; P, ongulat' 
diagonal striai in MOOO. 
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confiiaiaii among authors, who give the most contradictory 
estimates of the uumberB contained in I'lOOO inch. 

I think it is more than probable that, when the highest 
powera are being used, Becondary repreaentatious, or images, 
of the atriffi appear before the eye, owing to a poesible dis- 
tortion of the rays of light, and that tJiese images deceive 
the observer, and induce him to note down a larger number 
than really exists. 

The coarser lim^s may be measured by means of an 
ordinary stage micrometer ; but, for the finer structures, an 
eyepiece micrometer must also be employed. In either 
case, the operator must not be content with a single obser- 
vation of the strisc, but must reckon them several times, so 
as to be able to draw an average, and get as near the truth 
as possible. 

As however the fruatules, minute thougJi they are, have 
A certain thickneaa sufficient to interfere with their tran- 
sparency, a special expedient must bo resorted to to obviate 
this inconvenience; otherwise the valvular markings can 
never be seen so clearly as is needful in the operations just 
spoken of. This may be managed by loosening the hold 
which the hoop, or outside frame, has on the two opposite 
valves, thereby setting them free, and enabling the observer 
to view each one as a separate object. 

To effect this, let the fruatules be boiled in nitric acid, 
to which chlorate of potassium ia to be added in small quan- 
tities. After the boiling has continued for about a minute, 
they must be well washed in soft water, in order to get rid 
of the acid. If this be carefuUy done, the intercellular 
substance which binds the valves together is dissolved, and 
the latter fall apart. 

[For the various methods of mounting the Diatomaceaj in 
balsam and fluids the reader is referred to works specially 
devoted to the microscope. There is the less need to intro- 
duce the subject here, as it has been already exhausted in 
Mr, T. Davies' admirable manual, ' The Preparation and 
Mounting of Microscopic Objects.' Ilardwicke. — Ed.] 
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CHAPTER VI. 

OF THE DESUIDIACE£ AND SIUILAIl UROITE ALG£. 

"We naturally pass from the lowly Diatomacete to their a 
lowly relations, tiie Deamidiaceic, cince there is ho mucli that 
IB in common between them in regard to their being a 
their life history, not to mention that the methods of pre» 
paration for the herbarium are in many reapecta identical. 

Speaking generally, the Deamids inhabit the s 
calitics with the Diatomaeea;, with the single exceptiol 
that they are an exclusively freBhwatcr family ; not a wngH 
Rpecies la to be found in Uie sea. They are to be looked 
for iu bogs, ditches, and ponda, lying in bleak, 
fiitnationa, rarely in shady woods; some, as Clostermnii 
among the filaments of the Oscillatorire i 
others, such as Palmagltea macr 

the surface of wet rocks and cliffs. Boggy heath^ however, 
are the spotB where they mostly congregate, especially wheri( 
Sphagnum abounds. Swampy places and patches of wah 
scattered over the bog, or aballow drains cut through it, a 
afford a rich supply of DcBmidiacere. They also love djtohea 
and holes in which, though the wat«r itself is pure, the s(^ 
is of a clayey nature ; diere Ihey often vegetate in si 
abundance as to cover the bottom with a dense green fi 

The autumn is the best time of year for collecting thee 
plants, and the outfit necessary ia much the same as in the 
case of the Dintomaceo!. 

If the Desmids are ia any quantity among the stems oi 
the Sphagauro, the latter will have a slimy, jelly-like fed,' 
when grasped. Should the collector, on taking up a tiifl oj 
the moss, hare reason to suspect their presence, he shonU 
let tlie principal part of the water drain away, though vntb.- 
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1 Lis hand, and dien wrap 
]r oilskin, or better perhaps 



out pressing the Sphagnur 
tbe tuft in a piece of oiled p 
india-rubber eheeting. 

On reaching home the Desmidiacece must be washed ont 
of the Sphagnum into a glass, where they will speedily 
settle on the aides and bottom, and thea the water may be 
slowly and carefiilly decanted. If the Deamida obtained 
by this ainiple process are &ee fiom mud and sand, nothing 
remains but to place them, with a carnel's hair pencil, on a 
slip of glass, as was recommended to be done with the 
Diatomaceie. 

When they occur aa a green stratum on the bottom of a 
pool or ditch, they may be taken up with a spoon and placed 
in a wide-mouthed bottle, while the floating speoiraena can 
be caught with the ' (ea sieva,' deacribed at p. 5. On 
turning tJie contents of tbe phial into a white dinner plate, 
the Deamida will, in a short time, collect on the surface and 
aides, and then may be gathered up with a hair pencil, and 
laid on a glass slide in a pure condition. A second 
gathering may be made by pouring off the water and 
earthy deposit, when numbers of them will be found stiO 
dinging to the plate. 

They may also be separated from mud and sand by 
Okeden'a method, mentioned at p. 20 ; and the collector 
has the additional advantage, in this instance, of having 
them sorted into larger and smaller specimens. 

In short, moat of the arrangcmcnta in use lor cleansing 
the Diatomace» ore equally applicable to the plants before 
UB, provided neither heat nor acids be brought into play; 
for the Desmids, having a membranous envelope entirely 
destitute of silica, cannot withstand the action of fire, or 
the corrosive operation of an acid, like the flinty coated 
' Diatoms, 

The greater number of the Deamidiaceie are free, aa may 
be seen from the examplea in Plate xi. figs. 50 to 53. 

Id other cases we find several individuals grouped 
1 the form of a star or disk, see Plate xii. 
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e instances, the iudividuiLl is constricted in sucli » 

IS to have the appearance of two valves united 

ientrallj : of these, fig. 58, Plate xii., is an examplBi 

The reader will observe the same peculiarity of structure' 

■ in the figures langing from 17 to 22, already given InF' 

~'7. V. Other species, again, are arranged in long filaments { 

yr ribbon-like coloniee, fig, 59, Plate xiii. 

These filamentous DeemidH generally jield very clean 
jreparatiocs. 
It will be seen that Hyalotheca is enveloped in a thiok 
l;<DOaling of muDOUB matter ; this is by no means a comnioa 
Pfonn of cotifitraction, though we find instances here and 
B'lliere, of which Spirotcenia condensata, Pkte xiii., fig 60, ii 
in eTtample. 
The decayed remains of Splingnum in peat bogs an 
K^cften rich with the empty (rusCules, well adapted for eX' 
pwnination, though, from their dirty brown colour, and from 
I being mingled with the surreunding vegetable matter, thqr 
are not fit Epeciniena for the berlmrium. Haviog lost the 
bright green of the living Deamid, they are difficult to dia^; 
tioguisli with the naked eye ; in fact, tliey are mere emp^ 
cases; but none the less welcome to the collector on tht^i 
account, as they oilen pive him opportuoities of studying 
the cell membrane, whicb be cannot get with specimeiu 
better adapted for preservation. And here let me recom- 
mend iiim to be always provided with plenty of phials o 
his escuraiona, that each gathering may be kept apart; 
otherwise he entails upon himself a vast amount of trouble, 
wbea be comes to separate the species for preparation. 

Many of the DcEmidiacea will readily propagate wbea 
kept in a ruum in a sufficient quantity of bog-water, thuft 
enabling one to get an abundant supply of clean specimen^ 
The plate, or saucer, in which (bey are placed, should bft 
covered with a sheet of glasi to keep out the dust, and to 
prevent the water from evaporating too rapidly. However, 
should the water get too low from this or any oiber causci 
the supply roust be made up with rain or soi^ wat^r, c 



BCCOTuit with that from a Epring, a^ its ' hard ' property ia 
Bare to kill the planta. Care must be taken also not to ex- 
poBft the vBsael fo too much heat ; in fact, it had better be 
set in the shady part of a window, where it is screened from 
the direct rays nf tbe bus. 

The student must not expect too much from this method 
of multiplying the DesmiJa. It does well for a while; 
but there is no doubt that, in the course of time, the 
plaots degenerate, and cease to be fair representatiTes of 

[The6gure3(61 to 70) on Plate siii. will give the yotmg 
student an idea of the manner in which the Desmids 
propagate themselves. They arc examples of the common 
constricted epecies, CoBraarium botrytis. 

In figs. 61 to 6i we see how the two portions of the 
ii-UBtule gradually separate thetnt^elves, new cells forming 
in the interior, which ultimalely become perfect frustules. 
This mode of propagation is known as 'cell division.' By 
another method, called ' eonjugatiou ' (of which mofe will 
be said herealter), two finistules, which chance to lie near 
each other, form a temporary union, and mingle their 
coutentR together, figs. 66 to 69. The mass takes au 
irregular form at first, but gradually assumea the shape 
given in fig. 70, viz. a globe covered with forked processes 
(a, i). This globe, or sporangium, as it is named, gi?es 
birth to new plants — En.] 

Where the obaer\'er ia content to study the external 
form only, the plan of simply drying his specimens on a sliji 
of gloss is sufficient ; because, on re-moiateniug ihem, the 
plants resume their former appearance. If, on the oilier 
hand, he wishes to examine the peculiar arrangement of the 
Chlorophyll), and the other contents of the cell, after the 
object has been laid by, he must preserve them in some 
fluid which will not alter their natural form and Blructure. 
Much time also ia saved by his havuag such peparatlons 
hand for comparison and observation. Moreover, 
the smaller Cotifervro (such as Zygnema and 
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Spirogyra), whose charactara depend entirely on the arrange- 
ment of tlie cell contents, are destroyed in the act of drying, 
their structure ia utterly lost, and no soaking in water will 
ever restore them. It happens too, sometimes, that we have 
only a poor supply of some rare species, which gradually' 
disappears wider too irequent esamiuations, and its pos- 
sesaor wovild gladly preserve the remainder once and for alL 

Influenced by these considerations, physiologists havs: 
apphed themselves, from time to time, to the discovery of 
some method by wliich these minute and delicate organism*' 
may be kept unchanged for a lengthened period ; but it 
must be confessed, with less Bueeess than their industry has 
merited. 

The great want which has marred all their efforts hafl 
been a fitting medium ; or, in other words, a fluid of such 
a nature that the plant, when immersed in it, shaU not 
become distorted, or indeed receive any appreciable change 
for a long lapse of years, provided the cement eaielosiiig it 
retains its air-tight properties. The want of success, it 
must be allowed, has not arisen from the powtive evapora- 
tion of the liquids employed (glycerine, chloride of eal-i 
cimn, &c. retain their density for a very long time), bat. 
from the method of employing them. Following a natural 
law, the fruBtule, immediately upon being enclosed in its 
cell, b^;ins to part with the water contained within itself. 
And what is the consequence 7 The surrounding medium 
cannot take the place of the water, the jaimordial utricle* 
contracts, the contents of the cell collapse, and the plant i» 
left OS much changed and disfigured aa though it had beea. 
originally dried. 

The botanical world is, tlierefore, greatly indebted 1 
Herr Himtzsch, of Dresden, for his researches in this direc- 
tion, which have resulted Jo discoveriag an arrangement 

* The primordial ulriclo (primcTdial Sehlauch of tie Qarmaas), it 
tljo tutrnn given bj Mohl lo Ite duliutlB membrana wliii:h linee tha 
innnr cell wbII, and whidi encloses tha protoplusm, or Tiscid fluid, 
with granules intermixed, vMch forms Uia contents of the cell. — Ed. 
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which completely supersedes the vark 
plana hitlicrto adopted. 

Hia method differs fom all otliers in this, tliat he ad- 
vocatea a gradual, not a sudden, application of the preaer- 
yative fluid, bo that the action of endoflmose way be in 
some measure retarded, the adjustment of the difference of 
density within and without the vegetable cell carried on 
moro slowly, and the consequent preservation of iis 
delicate structure ensured. For thia purpose he recom- 
mends the following composition. ;— S parts of alcohol 
(aa pure as possible), 2 parts of distilled water, and 1 pait 
of glycerine. The specific gravity of this mixture being 
nearly the same aa that of water, it does not tend to con- 
^ tract the primordial utricle. Now, if the water and the 
alcohol be allowed to evaporate slowly, the mixture will 
of conrse become projiortionally denser, but quite gradually, 
and therefore without any destructiTO influenco oa the 
object. During this operation, the water is withdmwn from 
the frustule, and the glycerine, which is not volatile, takes 
its place, without causing any distortion whatever in the 

To make a preparation, the Algie shotdd be laid on an 
ordinary slide, on which a ring* of the requisite size has 
Iieen previously drawn with aaplialt, the latter being 
allowed to dry quite hard before being used. To make 
aesurunce doubly Eure, a drop of distilled water may he 
laid on the frustule, and tlien a drop of Hantzsch's fluid. 
Should tlie ktter, on examining the specimen, appear to be 
acting too rapidly, water must be added to thin it. With 
regard to this part of the operation it ia impossible to lay 
down speciflc rules, because tlte Algffi, though all very 

■ ThesB ringa (if ronnd) may he cusily Rnd quicklj mndB, mid 
the cement aftenrards appIiMl by raenna of a Sluidbolt'a tuni-Util<^. 
Squftra spacea may bo encloeed of equal size oa any number of slirjea 
by draving a square of the required site an a card, placing Che elide 
(jvsi it, and paintjug it with cement. — En, 
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D endosmose and exosmoae, are so in different 
I degrees. 

The slide must now be laid aaide for awhile, covered 
irith a bell glass, vine gla^, or something of the kind, to 
keep off the dust, -while the volatile pOTtion. of the mixture 
is eraportiting. On its being ascertained tliat the glycerine 
&lone remains, another drop of the liquid is to be appliiid, 
and a second evaporation aubmittcd to j and bo, again and 
again, until tliere is enough of the pure glycerine present 
to fill the greater part, though not the whole, of the ring. 
The time has now arrived for covering the object with 
thin glfttM. Let a piece of suitable size be selected — the 
thinner the better ; if it be too thick, the chance of 
dering the cell air-tight is lessened ; besides, a thick c( 
ing glass precludes the use of the highest powers of the 
microscope. Care must be taken to clean it thoroughly, 
just before laying it on, by washing in alcohol or dilute' 
liquor potass^, and drying with a soft cloth and leather. 
Nor roust it again be touched witli the fingers, otherwisei 
at every point of contact, a murk is left, to which tlje t 
ment adheres with difficulty. 

The operator now seizes tlie thin glass cover with pincers, 
lays B narrow strip of asphalt cement on one of its edges, 
for about one-lhird of its circumference, and lays it, ce- 
ment downwards, on the object. The glycerine forthwith 
spreads out, and occupies the enclosed space. A gentle 
proHsure with the end of the pincers tends to fix the cover 
in its place, and to force out all superfluous liquid, which 
most be absorbed to the last atom bj blotting paper, or » 
soft cotton cloth. The best way (though of course notliing 
but long practice can ensure it) is to apply, in the first in- 
stance, only so much glycerine aa will fill the shallow cell 
without overflowing. 

The slide must now bo put away without being tou 
I for twenty-four hours, at tbe end of which time the strip rf 
I oement will have dried, and will hold the glass cover in it« 
L place. The work may, therefore, be proceeded with. The 



first greiit need now ia to see that nof. a trace of glycerine 
remains outside the ring enclosing the object. Should there 
beany, it must be removed thoroughly before any farther 
steps are taken. If satisfied that the glass is quite clean, a 
line of aaphslt must be drawn willi a soft hair pencil 
ronnii the whole edge of the cover, so as to include it and 
its place of contact with the slide. It must he done slowly, 
and the elide w&tched, to »ee that no bubbles of air, or any 
foreign bodies, are enclosed within the circle. This layer 
of cement having dried, a second, third, and even fourth 
may be added, until the preparation may be reasonably 
BUppoaed to he air-tight. This may be most readily teaied 
by holding the slide between the eye and the light, and 
seeing whether any part covered by the cement is trans- 
parent, especially the corners, if the covering glass ia 
square. Any semi-transparent spot, or lino, must be re- 
painted with cement. The cement, it may be added, 
should be very tbin when in use. It is then laid on much 
more easily, and tends to make the preparation more truly 
air-tiKht A thick cement dries badly, and is apt to crack 
and chip off, especially during changes of temperature. 

The preparation may now be considered complete. The 
name and other particulars will of course be added, and it 
may, if desired, be covered with ornamental paper. One 
nioEt necessary point must not be forgotten, that is, under 
all circumstanceB, to lay the shde in a horiKontal position. 
If set upright, the contents flow to one side, get heaped 
together, mid eventually the iluid is almost sure, by its 
weight, to force ita way throtigii the cement, and cause a 
filial leakage. 

f Since the above was in type, I have had the opportunity 
of examining slides of Desmidiaceie, prepared in Dresden 
after Herr Hantzsch'a method. Nothing can exceed the 
beauty of these preparations ; the Ibrm of the pknt and 
the colouring of the endochrome having undergone no 
change whatever. — Kd.] 

"a to the characters moat worthy of obaerration, nearly 
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tlie aanie remarks as were made on the DiatomaceEe will 
apply to the Desmids. In thia case, also, both a front and 
Bide view should be obtained, in order to get a aatisfactory 
knowledge of tlieir form. Their markings differ eeaentislly 
from thoae of the DiatomaceJe ; in the latter, they (ire 
almost invariably depressions; whereas, in the preient 
order, they consist of elerationg, warty and spinous pro- 
cesses. They may be seen best in examples mounted dry, 
especially in such species as appear smooth and plnne, 
when immersed in a fluid. ThechSmcea are, that on drying 
these, some markings will become visible, as also in 
case of tlieir silicions relatives. Oblique illominalion 
often bring out fine pointBjwhich are not to be seen by direct 
Ught. 

If, as not imftequenily happens, onehasa single gathering 
only, and that a poor one, of some rare Desmid, it is better 
not to wet the specimens, as they lie on the dip of glass, 
but simply to breathe on them, and then cover them with 
tJiin glaBs. The plants will imbibe sufficient moisture to 
swell out, or at least assume as much of their original form 
as is necesEttry for esamination. On removing the cover, 
they will again dry up, and may be replaced in the heiba- 
rinm. In this way none of the precious material is lost, aa 
would be die case if it was constantly soaked in wat«r. 
The object, it is well to remember, must not be placed 
under the microscope while tmcovered, otherwise the 
moisture rises by evaporation, and (juickly dims the 

The student is recommended not to neglect making di-nw- 
inga of the moat prominent charactcrB observed by him. 
He will find them most useful afi^rwarda for the permanent 
preaervation of some of the nicer nhudings of the marking* 
on the outer membrane, and for comparison with the 
figures given in works devoted to the subject. It need 
scarcely be added that, in choosing specimens from which 
to make his drawings, he should take care to select as per- 
fect examples of the species as he cau find. There i 



family in tte whole range of the plant world which pre- 
Bente such a lioundlesB variety of forma, and coaaequently 
none in which mietakea and confliaion may more easily 
arise &om neglect of this precaution. 

There are certain minute Algie (of which Aphanizomenon 
is an asample), menihers of the Confervoid order, which 
float on the Murface of the watfir, forming a delicate mucoiia 
film. These may ba most conveniently secured by scooping 
them up with the tin ladle described at p. 4, and ponring 
ihem into a, hnen net. As the water passes away, the 
Algse are left behind, and as soon as a anfficieat fiuantity 
is obtained, ihey may be scraped off into a bottle, to be 
conveyed home. 

The specimens of Aphanxzomenon should be mounted 
aa speedily as possible (it is beat done on the spot), becanse 
the feggot-like bundles of filaments quickly separate and 
lall asunder. If it is desired to retain the true habit of 
the plant, it ought to be caught at once on paper, and 
allowed to dry without delay. By expoaiiig the dried 
apecimons for some days to the light and air, the yellowish 
colour which they posscased during life passes into a 
brilliant green tint. 

[Though scarcely to be reckoned among 'collectors' 
plants,' I cannot omit mention of the Volyocineffl among the 
minute Algaa placed, for convenience sake, in this chapter. 
Their singular motions — for most of them move freely 
through the water with the aid of ciha — their peculiar 
forms, and wonderful modes of propagation, render them 
objects of great interest to the microscopist. The figures 
ia Plat« siv. represent two weil-eslabliHhod genera of this 
group of plants. — Ed,] 
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I Although there are many more likmentons Algie than 
those indicated below, jet for tLe purposeB of the collector 
we prefer to group together ooly the femiliea of Confer- 
vacetc, Zjgnemaceffi, aad CEdogoniacee;. All these, ' 
few exceptions, inLabit the same localities ; in man; respects 
are very similar to each otter ; and are prepared for the 
herbarium in the same way. To these may be added 
also the genera Batrachospermum, Ulothrix (a portion only), 
VaucLeria, Hydrodictyon, Calothris, Tolypollirix, and Hy- 
druruB. 

AlrooBt (vll the members of this grqnp are partial tfl 
standing water, awanipH, bog-holes, and lillipntian bays, in. 
streams and ponds. The species of Zygnema are found 
in clear cold springs, which they sometimes fill with their 
glowy green tufts. On tlie olher hand, Cladophora, Ulo- 
thnx, and Vaucliciia take up their abode in rivuleta an^ 
wat«rcourses, where they atbich themselves to stones and 
other fixed objects, and thus safely anchored, let iheir 
long wavy filaments follow each motion of the slream. 
For specimens of Zygogonium, Hormidium, Schizogonium, 
ChroolepuB, and some of the Vaucherio!, the collector 
must search, not the water, but the land-damp stones and 
muddy gToimd, so that in their mode of life they ara 
exceptions to the great bulk of tlie filamentoiia AlgK : 
aa are also the genera Chantransia, Microthamnium, Gon- 
groaira, Chlorotylium, Coieochiete, and ChiEtojibora, which, 
on account of their habit of forming close matted strnta, 
must he excluded from our ' filamentous group,' and be 
treated of elsewhere. 



E species which, inhabit stagnant water throw out 
H filaments, which becoming more or leas eii- 
I langieu and interwoven, cling together in cottony tuiVa. 
I The generality of these, when quite young (Spirogyra, 
for instance) form a thick layer at the bottom of the water, 
or at any rate float at some depth below the aiirface- At 
a later aeaaon, however, when the plant ia preparing for 
fructification, or when, in conBGquencs of ita active vege- 
tative powers, a. large amount of oxygen is generated, then 
the plant risea to the top of the water, and covers a wide 
space with ita outapread filamonta. 

To collect these species, the only instrument necessary 
is the toothed ladle, attached to a walking-stick. By means 
of this any quantity of the weed may be fished out, by 
aimply moving the stick from right to left, the filaments 
catching in the teeth of the ladle and being retained there. 

When the Alga Kea near the bank, it can, of course, 
be gathered with the hand. If, on the contrary, its 
masEes float a long distance off, too far to be reached by 
I the stick, another plaa must be resorted to. This simply 
coasista in removing the wooden handle and then tying 
the ladle to a piece of string of sufficient length. The 
ladle may now be thrown among the weeds, and on being 
drawn in some of tham are almost sure to be clinging to 
it. The plan may not be successful at first, but I have 
invariably found that perseverance will bring success. 
Even at long distances and in deep waters I have rarely 
been disappointed of the coveted treasures. 

Let the water drain off before the specimen is put away 
in oUekin, and the draining may be aided by a gentle 
pressure of the hand; but the collector muat be careful 
not to squeeze it too hard, for if he does he will lose what 
DiatomaceiE may be entangled in it ; and, besides, the Alga 
itself soon dies and corrupts when robbed of ita natural 
element. 

A pleasing contrast to these entangleil masses are the 
fealiieiy plumes wliich distinguish the species 
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jinhabitiug quickly-flowing Htrcama. In most cases (a*- 
Ppocially wili the species of Cladophora) the plant mnat' 
he gathered aa nrar the poiiit of attachment as posnible— • 
the point, that is, correepouding to tlie root in a flawering 
plant; for, since the determinatinn of the species depends 
in great measure on the position of the main stem, its 
degree of nunificfttioD, &c., it is bj no means a matter of 
indifference whether the whole plant or a mere frngment 
he secured. This precaution is not so necessary with tha 
Ulothricaceie, as iliey consist of unbranohed filaments, 
that Tery account they should be carefully collected nidi 
tlic hand, not with the ladle, and then laid lengthways on. 
a strip of paper so us not to disturb the filaments, which 
adhere but loosely together, and are ea^ly separated and 
carried away by Uie draining off of iLe water. 

If the tuila (aa is often the case with the Taucherite) are 
dirty and discoloured, the mud and sand must of coursa 
be washed off before the specimens are prepared for the 
lierburinm. Thay had better, however, be carried boms 
first, and thoroughly examined for Uiatonmcece. It 
be time enough then to cleanse away impuritiea, taking 
pains during the Operation to avoid entangling the "" 
Lttieula, and to preserve the natural habit of tlie plant 

All the fHumentons Algie may be laid o»t for ultimnta 

Reservation on stont writing paper. The wze of the 

■paper may be proportioned to tlie length of the object t 

be laid on it. In practice, bowev^er, I have found the mo( 

convenient form to be as follows ; Let a half sheet t 

writing paper be cut loagitudlnallj into three strips, and 

I let each of these be again divided across the centre, ." 

L^eet of paper will then give twelve portions, each i 

M*hich is of such a size aa to lie comfortobly on the palm i 

r the hand. The plants having been well cleaned IVoid 

fellen leaves, twigs, decayed matter, &e., and divided into 

several distinct portions, are allowed to spread ihemsetva 

out on the surface of water in a largo dish. One of ib( 

portions is now taken oiit aod made to float in on 
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veaael — a hand-baaia is perliapa the best tiling: at niiy 
rate, tlie veaael must be of such a depth aa to acimit of the 
whole hand being immersed, back downwards, under the 
plant. Give a final touch to the specimen eithea: with 
a needle or vrith the fingers, to induce it to spread its 
filamenfa in every direction equally, and to get rid of knots 
and lumps. Then draw the piece of paper careiiilly under 
the specimen, bo tliat tlie latter iloata immediately over 
the centre. Spread the left hand under the paper, and 
the whole can be lifted slowly and cautiously out of the 
ivater. It may be retained for a few seconds in this 
position to let some of the moisture drip off, and tlicn 
laid just as it is on a packet of five or six ^eete of blotting 
jiaper.* In this way the whole of the specimens at liand 
may be gradually disposed of. The nest step is to place 
them imder the press. For tbia purpose the little heaps 
of blotting paper, each with its accompanying specimen, 
are to be piled one above the other to any convenient 
height, a sheet of stearine paper Imving been laid on each 
specimen before it receives its load of drying paper. The 
layers then follow each oth^ in this fashinn : 1. A packet 
of blotting paper; 2. A specimen on white paper; 3, A 
sheet of stearine paper ; 4. A packet of blotting paper ; and 
so on, the uppermost layer always consisting of blotting 
paper. The whole pile ja next to be laid betweea two 
smooth boards of well-seasoned wood. [If to eacJi of the 
narrow ends there is attached a brood strip of the same 
wood, but with tlie grain running in the opposite direction 
to that on the board itself, it tenda greatly to keep it from 
wnrping, which the alternations of heat and moistore are 
apt to induce. Much has been said of late years of the 
advantage of using, not solid boards, but ft'ames made of 
parallei strips of wood, one inch ajiart, held together by 
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^^^^1 cross bars. T mention tlie plau, but have had no cxjierience 

^^H of it— Ed.] 

^^^H The plants are tben to be subjected to the pressure of 

^^^^1 &iee or four bricks. I consider bricks to be preferable to 

^^^^1 stanea or iron weights, on account of the handinese of their 

^^^^r fiirm aud the ease vrith which the pi*eKBure may be regu- 

^^^^ lated. For cleanliness sake they should ho wrapped in 

W paper or hnen ; it ia ftdviaable also to shng them by cross 

I pieces of string with alp th ntre. 

I Many botanists p f d nary linen pre* 

I of these things, but a h n apparatus is not always to ba 

I Jbund when wanted. 

I rOthera again give h p f to a form of press, aacli 

B as IS represented at fig 82 PI t 

^^^^^ As the reader will b rv , ss b ams of wood enclose 

^^^^B tlie boards used for drying, and are held together by four 

^^^^P upright iron rods, 'i'he requisite degree of pressure i» 

^^^M given by tightening or loosening the screws, which are 

placed at the top of the rods.— Ep.] 

After about twenty-four hours the preparations may be 
examined, and in case they are not dry, must have the 
blotting paper changed, and be again placed under presaiu'e. 
A week will frequently elapse before the plants are fit to 
be put away in the herbarium. It is the nature of almost 
all Algffi, when they are drying, to cling closely to the paper 
on which they lie, and the use of the stcarine paper ia to 
prevent thia from taking place during the time the plants 
are being pressed. In my opinion, it is far better for the 
purpose than oiled paper, which was much in vogue atone 
time, as the latter ia apt to leave spottt and marks on the 
white paper to which the specimens are attached. Now, 
stearine doea not sully the objects with which it comes in 
contact; and as the material itself ia cheap and easily pre- 
pared, it ia much to be preferred to jiaper impregnated 
witli either oil or wax. 

To get it ready for use, let fragments of a stearine candle 
be raided into aiireda and strewn equally 



white blotting or printing paper. Cover tliis with a seccntl 
alieet, which ia to he also strewn with stearine chips; and 
so on, until five or six alternate layers of atearine and paper 
have been deposited. Next, let a hot iron be passed over 
the whole; the stearine melts, and, forcing its way among 
the fibres, renders the paper partially water-tight. No 
attempt must be made to sepurate the sheets until the 
st«arine is cold and hard, otherwise they will cling together 
and be spoilt. 

Where it is requisite to prepare large quantities of the 
paper at one operation, the heap, inslcad of bting ironed 
by hand, may be placed on a tin plate in the oven, or imme- 
diately in front of the fire. 

AAcr being used for some time, the stearine paper 
(especially if the Algra with which it conies in contact are 
wet and succulent) becomes more or leas opaque, and the 
plants are apt to cling to it. When this is seen to be the 
case, all that ia neceuaary is to pass a hot iron over it, and 
tiie sheet ia restored to its former condition." 

In preparing this class cf Algcc for the herliaiium, no 
special attention need be paid to pecuhiuities in the growth 
of such aa are ibund in thick heavy masses. On the other 
hand, the habit of those which grow in long flowing tresses 
mast be carefully observed and retained. These last 
represent, to a certain estent, the higher plants, from the 
root to the apex, and must be treated accordingly. Care 
must be taken, aa I mentioned just now, to get a specimen 
direct from its point of attachment to the slonea or other 
object on which it had paseed its existence, aod to carry 
it home without bending or entangling its filaments. If 
this precaution has been attended to, the tiny blanches, riu 

■ The Eev. D. Landeborougb, in hia ' Popular HJBtory of Britiah 
Seaweeds,' rBCammenda afoldaf tnuslin Co be laid ocer the Bpecimen. 
He adde, however, ■ In ahifcing the Hneoimena the aecond time, the 
minUn coverings may be remoTed. When permitted to remain till 
the plants are quite dry, there is dangir of their Ua.ving chequered 
impri'ssiona on the specimens.'— Ed. 
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I being placed in a vessel of water, will spread themaelTea 
out; and in tliis they may he assisted by passing a neei" 
Mveral timea througL their entire length from base to t 
Let the paper be raised very slowly throngh tlie water 
the left hand, while the root end of t)ie plant is held flrmly 
with the right. If the paper be slightly shaken, the fila- 
tnenta will expand themftelvea still more fully, and will bt 
prevented from rolhng into a thick cord-like tuft along the 
middle of the paper, as so often happens when the hand ' 
raised too suddenly from the water. 

Auetswald recommends a thin metal plate in lieu of the 
hand for lifting the plants from the basin. As regards the 
smaller specimens, my own experience is not in &vour of 
this plan, because one can regulate the draining off of the 
water so much more eaaiJy with the fingers than with nny 
mechanical appliance. With the larger Algat, on the con- 
trary, I have found it an admirable method, as the flatness 
of the plttte prevents the paper from falling into folds and 
wrinkles. If a metal plate is not at hand, the cover 
cignr-box or any thin flat piece of wood makes an 
eel lent substitute. 

The fronds of Drapamaldjaand Stigeoclonium (it is well 
to bear in mind) are too delicate to allow of their being 
subjected to (he press. Their filaments, aflierbeingremoved 
from the water, may be still further arranged by the aid of 
a needle and hair pencil, and then the ^ecimen should be 
put on one mde to dry. 

Some species of Cladophora, which grow to a great 
length, cannot be laid on paper of a manageable size, 
best in this case to give tho plant a serpentine motion 
is being lifted from the water. It can thus he laid without 
diflicullj along the edge of the sheet in an undulating 
manner, then covered with the stearine paper, and pressed 
RB usual. In this way, at least one preparation may be 
made, which comes within the compass of a sheet of paper, 
and yet represents fairly the natural habit of the plant. 

3 ZygnemaceiP, as previoiisly mentioned, cannot bq 
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tCGated like tbe rest of the filamentous Algto, because their 
peculiar cell contentH fiill together and are lost during the 
process of drying, nor can they be restored by moistening 
them. These elegant Algse, therefore, muat be preserved by 
Hanfczach'a method. If, however, the student wishea to 
have some specimens in a dried condition, they must be 
treated in the way recommended for the most dehcate of 
this class of Algaj. There ia a circumstance, however, to 
which I would call attention, because it is often looked upon 
as the commencement of a failure. It ia, that these plants, 
during the process of drying, invariably lose the rich green 
which distinguishes them in life, nud become of a brown or 
black colonr, nor does the green ever return. It is a 
curious fact, moreover, that the portion of paper on which 
they have lain assumes a yellow tint on being soaked in 
water. 

With regard to searching for the filamentous Algte, a 
few BUggestiona remain to bo offered. 

The different Vaacherio:, ZygnemacsK, and CEdogoiiiacew 
can be determined only when in fruit ; it is useless to gather 
them at other times. The ripening of the spores is usually 
accompanied with the development of an oily matter, 
having a brown or reddish tint, which frequently gives a 
very pretty appearance to the plants. The red colouring 
BO often seen in Sphceroplea arises from this cause, the ripe 
spores filling tl)e cells in immense quantities. 

The Zjgnemaceie at some periods of the year are found 
in what ia termed a state of 'conjugation' — that ia to 
(ay, two filaments lying parallel to each other throw out 
processes by which they become united together. The cell 
contents of one filament are then discharged into the other 
filament, and eventually become spores. Examples of this 
KJugular mods of propagation are given in Plates xiir. (figs. 
66 to 69), SV. (figs. 83 to 85). To find filaments of this 
description search must be made beneath the floating 
masses. They may be distinguished as well by their light 
yellow colour ae by the fiictof their having a slighter cohesion 
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than is the case with Iho greener and mora compact portio 
of the tuft. Specimens of the conjugating filaments should 
alwnynbe obtained, ifpOBsihle, as the characters of seTeral 
of tlie genera are based upon this curiouB phenomenoi 
may mention among others Mougeotia, Mesocarpus, Plem\>- 
carpus, Craterospennum, Staurospermiim, Rhjnconema, and 
Spirogyra. In all these the sterile filaments are of little 
service in affording generic charactera, whereaa (except 
in the one mentioned last) the presence of conjugating 
examples marks the genera at once, even after they ars - 

Another remarkable phenomenon, the so-called ' Swarm- 
ing Spores,'" common to all the filamontooa Aiga?, is most 
easily observed in the species of Ulothrix, The escape of 
the Zooaporea ftom the parent cell generally takes place i 
the early part of the day, and betmya itself even to th 
naked eye by a green Plm which forma on the water's 
edge when the AlgiB are kept in a glass veesel. It may be 
observed, too, in the CEdogoniacctc^ especially in CEdogo- 
nium fonticola, in which the swarming spores may be seen 
at almost any period of the year. The cilia with which 
iheae spores are fiwnisbed defy detection on account of the 
almost incredible swiftness of their movements ; but they 
I Biay be seen easily enough if a drop of solution of iodine^ 
t be allowed to work its way by capillary attraction under 
the covering glass. As the solution mixes with the water, 
it paralyses and finally kills erery object of an organic 
nature with which it comes iu contact. While this L 
taking place, the observer must keep hie eye fixed upon the 
dying epores, applying a rather oblique — at any mte not 
too bright — illumination, and then he will see the ghstening 
threads as they swing to and iro. 

Many of the Cladophorte, Confervte, and CEdogooisB, 

" It takes itB nsnie from a. fancied Bimilmity of the moTemeDts o 
the Zooaporea id the parent cellg l» the Bwarming of bees. — Ed. 

T Either iodioe diasolved in alcohol, or an aqu«jua solotioa o 
iodide of potaaaiuni. 
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exhibit a peculiarity in the contraction of their cell walls 
when they are drying ; that is to say, the latter do not 
return to their former state when soaked in pure water ; 
but if a little muriatic acid or caustic potash be added to it, 
the cells immediately swell out to their original form. 
Should the filaments be encrusted with crystals of lime, 
they may generally be got rid of by means of dilute 
muriatic acid. 

There is one genus, Psichochoriima, which has the 
remarkable property of depositing lime in the joints of its 
filaments. Special care must be taken to get rid of this 
when the specimens are being prepared, as, in case of their 
being left behind, the very parts become obscured and 
useless on which the generic characters depend. 
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CHAPTER Vni. 



Of the membera of tliia family, the Lyngbyte and the 
species of Leptothris which float on the surface of the 
water may all be prepared in precisely the same way ai 
was recommended ibr the Conferva in the previous chap- 
ter. Thoae like Phormidium, which form £lmy masses, 
\vill be treated of presently. But the genus OsciUatoria 
itself requires a peculiar mode of preparation. The 
individttala embraced in this group dwell by preference on 
mud at the bottom of shallow ponds and ditches ; though 
Irequently, on a sudden riue of the water, they break away 
from the soil and Hoat, appearing like a cloudy film 
radiating from a centre. AH have a disagreeable odour, 
which clinga to them long after tbey have been deposited 
in the herbarium. They vary much in colour; 
common tint is an ccniginous green, darker or lighter 
diSerent species. Others are steel-blue or even brown— 
for instance, Oacillatoria Frohlichii in many of its habitttta. 
During the process of drying, they change colour, owing to 
the influence of the oxygen in the atmosphere, their tints 
gradually becoming brighter and more intense. This ia 
ivell seen in the last-named species, which is usually of a 
deep brown during life, but which after death, and while 
drying, assumes lirst a blackish -green tint, and then a steel 
colour. 

The family takes ila name from a property peculiar b 
some of them, but not common to all, of spontaneously 
oscillating or waving gently backwards and forwards, like 
a very alow-moving pendulum. To whatever cause this 
n^sterious movement may be due, lie fiwt itself is of 



eaaeutial service to the collector, who ia enahled hy it to 
BOOTire perfectly pure specimens for preservation. As 
stated above, the members of this family delight to dweU 
on the mud, nor can they he got out without a piontiliil 
supply of tlie latter. But this ia of Uttle consequence. 
Mud nud plants may be thrown together into a vial, and 
on being brought home may be poured out into a deep disli 
with a etifficient quantity of Boft water, and then left 
undisturbed near a window. The active little organisms 
immediately set themselvea in mution, and creep out from 
among the earthy particles by which they are encompassed, 
forming by degrees a pure thin layer on the surface of the 
water, whence tliey may be taken up witli a Kpoim, in 
larger or smidler quantities, at the will of the operator. 

Next, for the best method of preparing them for the 
herbarium. This also ia made to depend on the movements 
of tljese singular plants. First, let a sheet of stout paper — 
drawing paper is the beat — be provided, and on it describe, 
with pencil and ruler, about eiglit Bquarea of equal aize. 
Fix the paper firmly on a wooden board with needles oi 
artists' pins, and lay in the centre of each aquare a small 
qnantity of soft wal«r.* Let the water spread over a 
circular apace the size of half a crown, and then add a few 
drops carefully ao as to raiae the centre as high as possible. 
By this means t3ie final evaporation of the water is retarded 
to the utmost. Having thus prepared the paper, the next 
step is to deposit in each square a quantity of the AJgie, 
taking care to choose portions least contaminated bymud — 
a piece about the size of a bean is Eoiflicientjy large. 
Separate the filaments by a gentle touch of the finger, and 
let the whole be left in a spot well exposed to the light. 
Before very long (the time depends a good deal on the 
season of the year, the freshuess of the plants, the amount 

* The use of ' soft ' water is insintM on, tecauas the vitality of tho 
Oaidllutoriie is quicU j (IfStrojed ill hard epringiciiter, and the siiccoaa 
of theae ratperimenta depends entirely nn thoir vegetative priociplii 
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of light, &c.), the opei-ator will observe, even -vrithout a 
lens, a diirk filmy inaBs radiating from the cninmon centre 
of each piece of water, and epreading equally over tha 
Burface. Gradiialiy the edges are reached, and ihen the 
filaments bend themselves round, and follow the line of the 
circnmference. To make really good preparations, lie 
greafest pains must be taken not to jolt or shake the paper 
until the water is entirely dried up, and tiie Algffi lie Hat 
on the spot prepared for them. As eoon as this has tiikeu 
place, the sheet should be removed from the board, and 
divided into the several parts marked off by the pencil. 
Each of the examples is then ready to be deposited in tlie 
herbarium. 

The reason why it ia advisable to prepare several 
BpeciracDS on a single sheet, and to fix the latti.-r to a hoard 
during the operation, is, that the OwiillatoTia! e 
rxoeedingly fragile nature, the filaments easily falling to 
pieces, and the fragments jerking themselves off tlie paper, 
if the latter be crumpled and then suddenly bent stniight 
again, as is sure to happmi ivhen it is laid in the her- 
iMirium. Now, small pieces of paper do get so crumpled, 
while they are drying, in consequence of being acted on 
unequally by the water : whereas large sheets accomiuodnte 
ihemselveH more readily to the contraction and expansion 
caused by evaporation ; and consequently the individual 
sections are smoother and less wrinkled when the wliole i 
cut up. A angle experiment will demonstrate this. 

There are certain genera, some of which belong to thi 
Oacillatorian &mUy, the membera of which (instead of 
spreading themselves out like those we have just been 
[speaking of) group themselves into close Uocculeut masa 
Such are Phormidium, Microcoleua. some species 
Symploca, aaid Qot a few of the Soytonemaceie ; among t 
Ulotricbcc, Hormidiam and Schiimgonium ; and of the 
Zygnemacece, Zygogonium. In all these forma the filaments 
have a tendency to develop themselves towards the 
interior, and their growth is exceedingly coniplicnted in 
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consequence, so that they form compact webs or films, and 
can be gathered up in closely combined masses. They are 
found upon damp earth, wet rocks, palings, and tree stems. 
Their treatment is of the simplest kind. The collector 
has only to peel the film off the earth or stone, and lay it 
between the leaves of an old book in order that it may not 
get wrinkled or bent. If too dry, the specimens bad better 
be moistened before being laid in the book, to prevent their 
breaking. On reaching home, they may be pressed between 
sheets of blotting paper, and when quite d^, and without 
any tendency to curl up, may be laid on a sheet of paper 
with the lower side gummed down, and so put away in 
the herbarium. 
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OF THE GELATINOUS, CliUSTACEOUS, AND STONE-LIKE I 

We find among the Algie a conaiderable group in wiiioh 
the esternal membrane posBessea the peculiar property of 
Rurrounding itself witli a gelatinous Hubatance, varying ii 
ita consistfincy in the ^iSerent species: and in this mucoui 
raatijjr the inner cell (or Gonidium of KUtzing) lies em- 
bedded. Ab the cells continue to multiply, colonies are 
raised (larger or snjMller accordinfj to the amount of division 
in the original cell), forming masses which 
amorphous, though sometimes of a definite 
then usually spherical, lu this way arise the soft 
nons layers of a portion of tlie Hlvularinceaj and Chteto- 
phoraceEe,a kind of slimy matter holding together the indi- 
vidual filaments. 

Such species may be looked for in marshy stagnant 

L pieces of water, on damp earth and the surface of wet 

< rocks, where they form a smooth jelly-like coating. Tha 

I qiecies found in water usually commence their e^»>teace 

stones or attached to water-planta, from which they 

I eventually sopamtc themselves and then float on the 

I surface. When this la the case, tfacy are to be collected by 

means of the ' tea-sieve,' and from thence transferred to 

a wide-mouthed bottle ; while those that are adherent 

must be taken up together with the object on which thw 

rest. If growing on rocks, they may be scraped off, N» 

Bjiccial preparation is needed. The gelntinotw aubstanca 

limy be divided into any convenient number of portions, 

and dried upon paper. When thoroughly damped at a 

liiture period, the masses will siwell out to very nearl; 
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tlieir former consiBlency, evea after they have been Liiil by 
for a conBiderable time. 

Those speciea of Noatoc wliioh are of a coarse denBO 
consistency, becoming corrugated wlien dry, may he 
covered with stearine paper and placed under a light 
presauie. 

Many of the Algte again are furnished with cmataceous 
or foliaceous Irondi, firmly fixed to some underlying sub- 
stance. Of thia description are most of the Scytonemaceie, 
the genera Hydiococcua, Schizosiphon, Chroolepua, Proto- 
derma, Chlrirotylium, Coleochaite, Gongrosira, Hildeu- 
Tirandtia, Melobesia, and several others. Some of these (aa 
the ScytonemaceiB and Chroolepua) form compact folt-likc 
layers on wet shady rocks and walls, or on the bark of 
trees. Others (as Hildenbraniltia) ai-e found encrusting 
stones and pebbles, spreading irregularly over the siufiice, 
and have a wrinkled leathety appearance. Finally, Hydro- 
coccus, Chlorotylium, and some others, form tiny sponge- 
like excrescences, which at length unite into a mass of rough 
imeven knobs. Some of the wnaller kinds (Coleochttt ■, 
Melobesia, &c.) are parasitic on tlie lai^r Algre, and such 
water-planta as Sedges, Mosses, and Potamogeton, where 
they often (lourLsli in tie greatest abundance, t]ioi;gli 
fiequently overlooked, as many of them — the species of 
ColeochiEte, for instance— are too minute to he easily delected 
by the naked eye. 

Aa it ia always desirable to sectu^e specimens that give 
a clear conception of their mode of growth, the plan« 
should not be nibbed or scraped off, but gathered with 
the object on which they are growing. Where the species 
are at all abundant, small stones are sure to be found 
clothed with the membranous crust peculiar to those Algie-, 
these may be taken and put away just as they nre. In the 
Ciise of such as occur upon trees (the Cliroolepi, for 
instance), they may be obtained ivithout injury by cutting 
off a portion of the bark. They are more difficult to get 

when growing on the face of a rock or large block of 
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stone ; here a stout hummer and two good steel cliiaels 
requisite — one of the latter being broad and flat, the other 
pointed. The former eerves to break off a. piece of rock 

I of the required size, when the plant grows on an angle, a 

I &t least where there ia a good bearing for the inatmment . 
when, on the other hand, the aurfiice ia smooth, and 

I offers no point of resislaace, the narrow- pointed chisel 
aes into play lo punch out a notch, on which one side 

' of the broad chisel may rest, while a amart blow of th» 

1 hammer ia given. Of coui-se, the thinner the atony bed o^ 
tihe Alga is, tlie bettor, as then it may be deposited among 

I llie leaYCs of the herbarium ; whereas if it be too (hick it 

I must be kept in a separate drawer or cabinet Let me 
here warn the young botanist to fold the sections of rocic 
or bark each in its own piece of paper, before placing 
m in his pocket or bag, to prevent the specimens from 

, being rolled and nibbed togetlier : unless this precaution 
be taken, the adherent Alga is certain to be much injured, 
if not entirely destroyed. If the stones, on boiug brought 
home, are found to be sufficiently thin and flat, they may 

' be gummed on stiff strong paper ; and so with the pieces 
of bark. Should they be too large and rough, tbey may 

I be put away on the aielf or in the drawer of a cal ' 

I mch OS is used for mineralogical collections. 

Vegetable parasites like Colcochcete may be dried and 
■put away in pnper bags; or, if it is thought worthwhile ia, 
tako BO much trouble, may be stripped from their bed, and 
cither dried upon glass or moimted in Hantzsch's fluid. 

Some of the foregoing species are encrusted with lime,i 
These must be immersed in dilute muriatic acid, iB> 
order to get rid of the lime, before they can be properly 
examined. The operator must recollect not to lay on th«. 
cover until the bubbles of carbonic acid have coasi 
rise ; otherwise they will collect under the glass, and the 
experiment will come to notliing. 

With regard to the species of Chroolopua, it is as well t 
tnentioD that its filaments lose their characteristic yelioi 
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or red tint duriog tLe process of diying, and aBBUme a. grey 
appearance. Aa odour like that of violets is common to 
all the Kpeciea, and is particularly observable when large 
quantities are brought together. However, coloiu- and 
amell moat not be taken aa characters of any great value : 
the true diatinguishing marka lie in the fonn of the cells, 
and the ramificatioa of the rigid filaments. 

The last of the three forma which I have giouped 
together in thia chapter embraces the stone-like Algffi. 
This peculiar mode of growth may be seen ia certain 
species which have the property of aeparatiiig carbonate of 
lime ftom the surrounding water, and depositing it among 
their filaments. This peculiarity imparts a hard stiff 
appearance to the latter, so that to the uninitiated tjiey 
appear to be made of stone. In shape these Algfe are 
ustially semigloboae, and adhere tightly t« Btoues, piles, 
breakwaters, and similar submerged objects. Where they 
can be taken off by hand, it is better to adopt that plan ; 
but if fixed too closely for the fingers to be of any use, 
recourse must be had to the liammer and chisel. The 
apecimena may be put away in a paper case ; or, if thin 
enough, fastened on a sheet of alont paper with gum 
arable. 

Before the specimens can be esamined under the micro- 
scope, the carbonate of lime must be iliRsolved, as of course 
its presence renders them opaque, even when very tliin 
sections are made. This can, however, be easily effected b^ 
leaving the Algn; for a sufficient time in dilute muriatic 
acid. Indeed, common vinegar, though not so rapid in its 
action, is just as efficacious. Bubbles of carbonic acid 
begin to burst through the surfiice of the liquid, and so 
long as this ebullition continues it is certain that lime is 
Btill present. The gas having thoroughly escaped, the 
preparation will bo foimd in a flaccid condition, and sulK- 
ciently soft to allow of very thin sections being cut irom it 
by means of a sharp razor. These should be forthwith 
' 'd in a watch-glass and once more submitted to the acid, 
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in order to remove the last trace of lime. After waiting a 
short time, the sections may be removed with a soft brush 
into a saucer, and the acid washed out of them. This last 
circumstance should be carefully attended to, as the gases 
released from the acid are apt to attack the lenses and do 
them serious injury. The object is now ready for exami- 
nation under the microscope, for which purpose it has 
simply to be laid on a slide under a thin covering glass. 
A gentle pressure given to the latter will cause the fila- 
ments to recede from one another, and ensure the ti-ans- 
parency of the preparation. 
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CHAPTEIi X. 



The beauty of coloming and delicacy of form extibited 
by the generality of the AJgce inhabiting the oc«an have 
aiw^ya made them great ^votiritea with botoniata ; and 
even tlioae peraona for whom botany has no charms may 
be seen eagerly aearching for these lovely plants among 
the debris scattered along the seashore. 

Of course, where the atudent has the opportunity of 
gathering them for hjmaelf, it is far better to atudy their 
habits and ivatch their ch;mges of growth in their native 
haunta, than to trust to dried specimens : moreovtr, he 
will be saved much time aad patience, both of which are 
largely called for in the task of diaSBtangling a complicated 
network of Algoj which have lain long bet^veen the sheets 
of an herbariimi. Nevertheleas, there aro many who are 
either altogether debarred irom visiting the seaside, nr can 
do Bo at long intervals only; but even these need not 
despair of making acquaintance with the marine Hora, 
Besides, it often happens that the collector is prevented by 
want of time from at once preparing a large number of 
specimens for the hei-barium. It is well then to know 
that Algffi which have been roughly dried for mere pre- 
servation will, upon being carefialiy remoiatened, regain so 
much of their uatiural beauty ae to please even a critical 
eye. Indeed, under certain circumstances, this prelimi- 
nary drying has positive advantages. For instance, there 
are certain species which have the unpleasant peculiarity, 
when the fresh specimens are being dried, of disclmrging a 
portion of their cell contents, thereby spotting and staining 
a which they lie. Such are the genus Aglao- 



90 OF THE MAIIIKE ALG^. ■ 

Ijliylluui, several of the CallitliaraniiL, Polysiphotiirc, &c., 
all of wliicli ought to be placed a. secoTid time under the 
[iress before really good preparationa can be hoped for. 
Other species (as those of Wrangelia) are cunipletely spoiled 
by being iraraeraed in freah water * while in u living atote, 
as it turns theiu to the coloui' of ink. 

These imtoward events may be met by giving the plants 
a preliniinary diying on some stout papw, just as they ari: 
taken from the aea. To prevent the paper from ivrinkliog, 
it is advisable to load the cornerH ivith weights; or, better 
Btil!, to press the objects as aooa as they are tolerably dry 
between sheets of blotting paper. The feet of a few pieces 
of the drying nxaterial clinging here and there to the Algo* 
is of no consequence, as they may be easily nonoved afler- 
warda by applying a little water with a eoft hair pencil. 

The possibility of rearranging Algie, at a future period, 
which have been already dried, is (as I observed just now) 
of the last importance to botanists who can rarely visit the 
coast, as it gives them an opportunity which they could 
not possibly have otherwise of becoming acquainted with 
these lovely denizens of the sea. For while mere prepara- 
tions, however beautifully got up, can give but a very 
imperfect picture of the plant itself, these same examples, 
when once more acted on by water, represent very fairly 
its original habit, and afford the student abundant materia! 
for investigation. 

With no group of Algre is the cantion more needed than 
with this, to be most careftd in preserving the natural hubit 
of the plant To be led away by the mere love of the 
beautiful, or what the operator is pleased to consider the 
beautiful, is fatal to the prosecution of science. In tlie case 

• I take this opportanity of observing that, sooner or later, ali 
Marine Algicnmff be immersed intresh wuCn before the final drfian. 
Iftliis pref Bntion is neglected, the suit coDtaiDed in their lir'snea will 
absorb ench &□ BmoiiDt of moisture tioni the atmosphers aa will 
keep the pluaU in s coatiaual stale of dumpaess and mQuldiafSa. — 



a it leads him to sacrifice tlie true rektion of the 
different parts to tlie prettinesa and neatness of the prepa- 
ration, to force hranchea into tiiinatural positiona becanse 
they appear to him to look better so, and generally to 
distort the whole plant All thia may possibly make a 
pretty object for the herbarium, btit it altera its whole 
character and destroys its value in the eyes of the real 
botanist. 

We will imagine the reader to have received a packet of 
dried Alg^e ixoni a friend at the seaside. The first thing 
to be done with each of the specim.ens is to immerse it in 
clean soft water, and let it remain there until it has become 
HuiBcieutly flexible to allow of its being lifted without 
injtiry from the paper to which it was fixed. The move- 
nient may be aided by inserting a blunt knitting-needle 
between the paper and the plant, so as to raise it gradually 
ftom its bed. Let this be done very slowly and carefully, 
aa too much haste is alaiost certain to tear the specinien 
and entangle the filaments. As soon tks the plant floats 
freely in the water, it must be rubbed and kneaded between 
the fingers (roughly or lightly, for a longer or a ahorter 
period, according to the degree of coarseness and general 
conastency of the specimen) until the different parts have 
ceased to adhere together. When this is effected, the 
needle is again brought into use (the plant still remaining 
in the water), and is slowly drawn, beginning at the root 
eud, through tirHt the upper, then the middle, and lastly tJie 
lower stratum of stems and branches. In thia way knots 
and entanglements are got rid of; and it eoables the opera- 
tor to ascertain whether he is dealing with a single plant or 
a whole colony — a circumstance of some importimce, as the 
crowding together of numerous plants makes it very diffi- 
cult to recognise the true character of the species. 

As soon as order is introduced among the tangled plants, 
the whole mass should be divided into portions, eacji of 
such a, size as is likely to make a good prepai'ation, And 
here let me caution the student to choose for preservation 
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only whole or perfect epecimens ; by which I mean such aa 
are provided with the disk by which they were fixed when 
in life, or at any rate with as much of it aa possible, in 
order to exhibit the plant's natural habit. Fragments torn 
off the main afem look very pretty, and do well enough to 
adorn a lady's album, but, as a rule, are valueleKS to the 
botanist. In many cases it ia absolutely necessary to have 
the entire plant before one's eyes to determine with cer- 
tainty its place in the system of nature. I will bring 
forward a single example. The genera Callithamnion and 
Phlebotliamnion are separated on the ground of the former 
being ' corticate ' — that ia to say, furniHhed with a cortical or 
exteroal integument, which is wanting in the latter. Now, 
there are inatnQces (aa I have myself repeatedly ex- 
perienced) where this outer stratum ia developed for a 
short space only above the point of attachment, the whole 
of the upper portion of the stem being naked. If, then, the 
student (instead of gathering tlie whole plant) is contented 
with Bpecimena token from above the portion inveaied with 
cortex, how is it possible for him to determine to which 
of the two genera his example belongs, since he has 
deprived himself of the only characteristic mark by which 
they are distinguished? Much the same may be said of 
the difierent species of Folysiphonia. 

When, again, the collector comes across Algte nourishing 
in large tangled groups, he must take care while separating 
them to secure a sufficiency of materia! for future obser- 
vation. It is a sound axiom in doniestio economy that 
frugality applied in tlie wrong place does hut aggravate 
difficulties. And it is as true here as in the more serious 
matters of life. Many a chance of determining the true 
position and natural habit of a plant has been lost irom the 
collector having neglected to gather sufficient material on 
the spot and at the right time. A single stem of a Cera- 
miuin may perhaps exhibit the generic and specific charac- 
ters sufficiently well ; but, however beautifully !aid out, it 
can never set be&re the eye of the observer the great massy 



tassels and soft flowing tresaes wLicli diBlinguiali most of 
the Ceramiacece. So l^r, tbeit, tbe study of iBsthetics has a 
claim upon the botanist ; only let him beware of allowing 
it too iar, by giving that a first claim on his attention which 
should in feet be a mere means to an end. Besides, a 
needy hungry-looking set of specimena always detracta from 
the good appearance of an herbarium : it repels rather 
than invites the attention ; whereas a rich series of well- 
prepared exaiuplea awakens in the ohserver's mind an 
agreeable feehng of tlie beauty and perfection of the works 
of nature : it may be, even deeper and more lasting seu»i- 
tioua — wonder, praise, and thankfuhieBa to the great Creator. 
Having* now divided the gronp of plants into fitting 
portions, each tuft is to be laid separately on the edge of a 
plate, not in the water, but just on the side, so that it may 
imbibe a suBiciency of moisture during the ensuing opera- 
tions without being actually immersed. Next, let a piece 
of Blout white writing or drawing paper, of a size coire- 
Bponding to the object under preparation, be puahed under 
tlie water slowly and carefully, so as to prevent air-bubbles 
from pressing on the lower Buriace, aa they are very apt in 
the subsequent treatment to cause an unequal expansion in 
the paper, thereby raising folds and wrinkles. The paper 
being ready to receive the Alga, the latter may be drawn 
gently over it, with the root end towards the operator, the 
stem and branches being kept from enlangieraent by means 
of a smooth blunt needle (a broken ragged end to the 
needle will do more harm than good, by tearing the delicate 
filaments), due regard being had to their natural position 
and the angle at which they ramified from each other 
during life. As soon as the larger branches are laid in the 
right direction, attention can be given tothe minor branches, 
or pinnules, the position of which is in a great measure 
regulated by the way in which the paper is drawn out of 



t]ie vmter across tlie erige of tlie plate. If thia be done 
deliberately and without imdue precipitation, the tiniest 
eveu of tlie brancbleta and filaments will fall one atln the 
other into their proper place. 

E.xcellent aa this ptan ia in its resulti, there is no d-snbt 
that it culls for a. large amount of patience and fore.'Ugtit, 
and takes a good deal of time to carry out properly. Indeed, 
Ko much of its ultimate succe^ depends upon the perfect 
quietude of the materials under operation, that not im- 
fi'ccjuently an unlucky jerk of the arm or an ill-timed blow 
on the table wiU send the water etreamlng in the wrong 
direction, and mar the wliole proceeding. I will therefore 
give another method, which, although its results are not 
more pleasing to the eye, is certainly much more eaaily 
carried out, and therefore less trying to tlie young student's 
peace of mind. 

According to thia plan, the paper, with the specimen on 
if, is drawn out of the plate and laid on a small tin diah, 
the bottom of which has been prayioHsly oTerlaid with a 
piece of pHpar of about the size of the object to be operated 
on. Two of these tin dishes should be provided, of dif- 
ferent sizes — the cost ia a mere trifles-one measuring 
about fourteen inches by nine iccLe?, and the other and 
smaller nine inches by five inches — each having the edges 
tiurned up say half an inch, so as to retain the water. 
The only other requirite is a small glass syringe, such as ia 
used for medicinal purposes, and which may be purchased 
for a few pence at almost any glass or chemist's shop. 
With this last instrument pour a gentle stream of water 
over the Alga as it lies in the dish, and continue to do so 
until the smaller filaments and pinnules begin to float — the 
stem and main branches, from their superior weight, still 
resting on the paper. It is an easy task now to ioseit a 
needle among tlie floating ramifications, and not merely 
reduce them to order, but bring them as nearly aa poswble 
into the same position they were wont to have when in 
their natural localities. The moat delicate branchleta of 
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the BiyopsiH speciea, of the Polyeiphoiiiie and CalliUiamnia, 
nay, even the curious apices so characteristic of the genus 
Ca'amiuni, all jield to this mode of trefttment, cBpedalty if 
it be aided by a hair pencil loaded with water and diawn 
slowly among the finer portions of the plant, ahotdd any 
of them Htill continue U> cling together, This operation 
having been satisfactorily perfortued, the nest thing ia to 
withdraw the water. Here the sjringe again comes into 
play, but this time aa a suction pump. It ia only necessary 
to place its open end between the larger branches, and by 
very slow movements of the piston the whole of the fluid 
will be drawn up through the barrel, and can be discharged 
into the plate. The eye will determine when the water has 
been sufficiently abstracted, but the ear is a still better 
guide. As soon as a bubbling aoundis heard in the body 
of tlie instrument, it is a certain indication that air ia taking 
the place of the water, and that the latter ia exhausted. 
To empty the diah entirely it must be gently tilted on the 
side which holds the root end of the pluiit, so that the 
water shall flow towards the opposite side, where it may be 
drawn off with the syringe. The water having been thus 
got rid of, the operator will probably find it necessary to 
give a final touch with a hair pencil to some of the branch- 
lets or filaments that have been displaced, eapecially if 
examplea of the more delicate kinds be under ti-eatment; 
ihe whole may then be lilled out of the diah and laid upon 
blotting paper, to undergo a sort of preliminaiy drying. 

Although this proceaa takes some time in describing, it 
is in point of fact of the simplest kind, and allows of each 
preparation being got ready in a very short space of time, 
because the operator works upon a firm, even basis ; both 
his bands are free, and there is no large quantity of water 
to be displaced by a chance blow or shake, all which 
advantages are wanting in the ordinary method of pre- 
paring specimens in a plate or basin. 

The preparation must not be left too long exposed to 
^S ACtioa of the atmosphere, of it will be spoiled. The 
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very fiiot of die Alga and Uie paper on wliicli it Jiai 
differing widely in tlieir powers of absorption and evapois- 
tion ia alone sufficient to canEe tbe former to separate fi'oiB 
its Bupport during the process of drying. ~ 
difficult it muBt be submitted to a press, and left therQ 
until all tbe moisture is witbdrawn. As was mentioned 
under tbe bead of tbe Filamentous Algie, there ia nothing 
BO good for the purpose ae smooth white absorptive blottii^ 
paper. Let tbe preparation, already partially dried, b 
laid on balf-a'dozen ^eets, and let a piece of stearine papei 
be placed over it, adapted as nearly as can be to the size o* 
the object. Nest to the atearine cornea another layer o 
blotting paper, then a specimen, and bo on, imtil a pile i 
formed of a, manageable size, according to tbe discretion o 
the operator. The whole ia then to be placed betweei 
smooth boards and weighted with three or four bricks, ai 
previously described at p. 68, Nothing more is to be doM 
for some six or seven hours, when the damp blotting papts 
ehould be removed and a iresh supply inserted between the 
boards. Tbe oftener, in (act, a change is made in th 
absorptive material, the better; as it tends to preserv 
both the colouring of the specimen and the cleait whit 
appearance of the paper on which it lies. 

When changing the drying paper, the best plan is b 
turn the whole pile upade down, bo as to get at the lowea 
examples first — the stearine paper, of course, now lyini 
below the plants. Carefidly remove the first layer of damj 
aheets, taking care not to hit with them the piece of whitt 
paper attached to the specimen. Lay the kttei on a fteaft 
Btratiim of blotting paper, and so proceed with each speci- 
men, loading the whole, as before, with bricka. After the 
lapse of some hoars the process must be repeated ; in a 
word, the operator will find that hia prepnrationa are not 
merely neater, but also more true to nature, the oftener hft 
gives himself the slight trouble required in replacing tha 
drying material. In proportion aa the moisture ia got ri^ 
of, the latter must be reduced in quantity, until n singii 



sheet only ia left behTeen each epecimen. la this elate 
the pOe Mould be left for Beveral days, until the plants lie 
quite fiat and all danger of their curling up ia past. 

It frequently happens that the gelatinous Algic, such aa 
Mesogloia, are found adhering by their upper aurfece to the 
atearine paper ; but there is not the least necessity to try 
and separate them, as a beginner might be tempted t» do : 
any such attempt would only end in the destruction of the 
specimen, or at any rate in the spoiling of its appearance. 
lie has but lo ' leave well alone,' to let the Alga remain aa 
it ia until it ia perfectly dry, and the atearine paper will 
then spring off spontaneouiJy, or in any case may be easily 
separated without the least injury being done to the prepit- 
ratioa. Eren if amid! fragnientB of the paper should adhere 
to the Alga when it is taken off, it is easy enough to re- 
move them by simply touching ihem ■with a moistened hair 
pencil, waiting a short time uniil the Iragments are satu- 
rated, and then scraping them gently wth the sharp edge 
of B penknifa. The portions tlifit have been welled 
cjnickly dry up, and the preparation has as neat an appear- 
ance aa bdbre. 

A few species, especially those belonging to the genera 
Schizonema and Ectocarpus, must not be placed \inder a, 
press at alt. The fronds are too tender and too soft to bear 
tlie weight of the superincumbent brickn. At the same 
time, the reader will have gathered from the previous 
remarks that drying in the open air has a tendency to 
crumple the paper oa which the Alga lies. But this dilfi- 
culty is to be got over by a little peraevraance. As soon as 
the plants are thoroughly dried, let the paper be dipped into 
a basin of clean water, remaining there for a few seconds — ia 
fjict, only until it is wetted through and bends with facility. 
Take it out quickly, ancl having placed it between some 
Eheeta of blotting paper (with the usual atearine cover on 
the object), draw the hand backwarda and forwards over tlie 
file until the previouely wetted paper has discharged all its 
_ _-_^_. . jjj j^jg ^^.^y jj ^^.jjj fp^ffy^,j j[g smooth appearance 
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^¥itllo^lt flie object itself giving out Biifficient nmcoua matt 
to allow of its adhering to the utearine cover. 

Up to this point we have had before our eyea onlj tlio 
forms of AlgjB which divaricate into almost infinite raiinij 
cations. I have treated so largely of them, partly because 
their overwhelming number, partly on account of the difl 
culty involved ia preparing liem for the herbarium. 

There are, however, numt^roua other forma, cooaistii 
mainly of broad flat membranes, thicker or thinner w 
cording ta the individual epecies. These are to be alrop 
spread out on white paper and laid under the preaa, ai 
folde and wrinkles having been first smoothed down I 
means of a soft hair pencil. There are certain exceeding 
delicate species (among them may be named the Delesserii 
several species of Callitliamtiion, and some of the fin< 
Polyaiphoniie) which do not require any pressure at a 
Laid upon white paper tliey dry up in a very aliort tira 
adhering closely to the surlace, and looking, in fiu. 
more lika a painling or work of art than an object 
Mature. Others, of considerable thickness, should be treatt 
afl^r the fashion recommended in chap. vii. ibr some of t1 
freah-water species. They will adhere readily to the pape 
and give no trouble in that respoct. At the same time, tl 
student must notice whether the under-sutface of the froi 
exhibits any sort of characteristic clothing. This is tl 
case, for instance, with individuals belonging to tlie gen 
Peyssonelia, iu which the lower part of the frond is thick 
coated with jointeil haira, Wliere anything of this kind 
Boen to exist, the specimen had betttr be deported in 
paper bag of suitable size, instead of being fixed down, 
that on being taken out cither aide of the &ond may i 
examined. 

The large Laminarite call for the same kind of treatme 
in its general principles, though varying somewhat to me 
the exigencies of the case. These giatils of marine veg 
tatJon are far too lai^e — they often extend to a distance 
eleven or twelve feet — to allow of their being driedj 
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pressed in the ordinary manner , while at the same time 
the specimens lose a great deal uf their interest and at- 
tractivenesa if their fair proportiona are too closely sliom. 
It is necessary, then, to select a middling- sized example for 
preservation ; but even a middling-azed example will need 
a press fer beyond the itsual limits. Fortunately, the student 
has no need to dread a failure, so far as bis materials are 
concerned. He has only to cover the lloor of a room pretty 
thickly with sheela of blotting paper — the covered space 
measuring about six feet by three — and then to lay over 
this the Lam.inaria, which must be so jar dried beforehand 
as to have lost the slimy feeling which it uauatly commu- 
nicates in the growing state. More sheets of blotting paper 
being spread over the Alg», the whole is to be covered with 
a smooth board of corresponding size (or in default of one 
so lai^e, with several smaller boards), upon which a sulE- 
cient quantity of bricks should rest. lij after all the pains 
taken, the specimen is found to be too long for any reasonably 
sized press, the lower end of the frond may be turned over, 
not immediately upon the body of the plant, but at an 
oblique angle — blotting paper being laid inside the joint, so 
as to keep llie parts from actually touching each other, 
where it is impossible to prevent them from coming together. 
The papers should he frequently changed, as the thick 
leathery substaace of the frond makes the process of drying 
somewhat dilatory. However, the business of clianging the 
layers of paper is rendered ieaa tedious, in spite of the 
bulky nature of the object, on account of the firm tliough 
flexible character of the frond, which allows of its being 
moved about at will without any fear of damage Of 
course, a plant containing so large an amount of fluids in its 
cells requires not only a frequent change of the blotting 
paper, but also a more than usual amount of time — a 
fortnight or three weeks will not be found too long — to 
unsure its being thoroughly dried, and to get rid of iil! its 
folds and wrinkles. These last, however, I regret to say, 
y apt to retiuTi at a later neriod, as it is impossible 
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to ky such inonalroua speoiniecs between dieeta of writing 
paper, or to put lliem avray in the herbarium cabinet. The 
consequence is, that they are more or less exposed to ihe 
actioa of the air, whicu is almost Bure after a while to 
impart to them a considerable amount of moisture. 

In examining this elasa of Algia it is neceasaty (if hia 
inveatigatioua are to be of any value) that the student 
should make himself acquainted with their anatomical 
Btructiue. In numerous cases this is by no means difficult, 
on account of their transparent nature, which allows (rf . 
their whole inner stcucture and delicate cellular tisad^ 
being examined at leisure under the microscope. In tholfl 
species, however, which are furnished with a thick leatbedB 
frond and stem, it is requisite to cut fine sections, otherwiwl 
their opacity effectually preventa any view of the Ibrra Hnfl 
arrangement of the cells. [With regard to this part of t]|a 
subject I must refer the reader to works in which IwP 
melhods sf preparing objects for the microscope are da- 
Fcrihcd ut Icngih : as, for instance, ' Davies' Preparation and 
Jiountjng of Microscopic Objects,' where the whole matter 
is tiioroughly discussed. — En.] I will only observe here, that 
the examples to be operated on hnd belter be quite dt^>j 
because in their wet state they are very apt to get to 
instead of being accurately cut, the cells coming apart a 
hanging together in disorder. The section must be plac 
in water or spirits of wine, and left for a while to absorb S 
fluid ; it is then fit for examination on a slide. 

The lime -producing Algee (by which I mean C 
Jania, Acetnbularia, Liagara, Melobesta, and similar g 
must not be submitted to the knife until the incnutaticj 
has been entirely dissolved by menus of au acid. 

It is often veiy difficult to detect the true structure of H 
cell walla in the Btrictly gelatinous Algoi, as also in maaj a 
the Enleromorpha and some other fiimilies. The best pLt^ 
in such cases is to add a drop of a solution of chloride 4} 
Kinc and iodine to the fluid in which the section i 
niersed on the slide. By this expedient a conspicuous b 
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tint is communicated to the cella, giving tiera a clear aliarp 

Contrary to the plan previously adopted in Uiis little 
work, we have not yet touched upon the subject of the 
collection of the marine Algee. The fact ia, the individuals 
belonging to this huge family are so exceedingly numerous, 
and occur in mch an infinite vorieiy of localities, that it is 
impossible to do more than offer some general suggestionB. 

The best rule to observe is, to search every habitat dili- 
gently, and to take carefid note nf all that meets the eye ; 
not, in a word, to pass by the Bnialler and humbler apeciea 
ia fevnur of their gaudier and more prominent relatives. 
This is by no means a rare fault with the botanicnl tyro. 
He allows his imagination to be impressed by some mag- 
nificent representative nf the larger Algtc, forgetting that 
the lowly object, which ha crudies under foot without 
remorse, should have at least as much interest in his eyes, 
And the consequence oiten is, that he has ta lament the 
loss of a specimen which would hare greatly aided him in 
ilia studies, and afforded him much genuine pleasure — a loss 
which is sometimes irremediulile. 

Marine vegetation depends largely on tlie character of 
the coast line. Sandy shores are Uie least promising ; mud 
liats are not satistactory hunting grounds ; it is on a bold 
precipitous coast that the collector may look for (he largest 
returns. This is especially the case where the receding 
tide is caught in rocky hollows and basins, for here the 
loveliest of the seaweeds are sura to be found, spreading 
abroad their delicate filaments, while the coarse, leathery 
kinds cluster about the rough blocks that overhang the 
crystal pools. 

Even in spots where old Ocean shows himself in his 
roughest mood, and breakers roar and burst against the 
iron-bound cliffs, even there these tender plants are to be 
seen tossed about by the wild waves, or clinging closely to 
the rock, as if ia defiance of their utmost efforts to dislodge 
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They aro to be found too at al! deptlis. A few, print* 
pally Fuci, seem to revel in the scorcliing raya of the sui 
appearing to be quite satisfied with an occa^onal sprinklinj 
of salt water. Some flourish best about Ligh-water-mark 
othera wLere tlie tide reaches its lowest point; whole lai^ 
numbers, and llioee too of the brightest colours, deligbt U 
grow in depths to which, it must be supposed, the raja 
the Sim never penetrate. These latter, of course, are no 
veiy easily to be got at ; and the collector must, as a rul^ 
trust to the action of Btorms and hurricanes to supply 

reled specimens. Neverthelesa, if he is blessed witu 

8 triplex' 80 requisite fur all ' who go down to the 
in ships,' he will do well, when the opportimity occutb, ti 
Hccompaay a fishing crew on one of lieir trawling expe- 
ditions. He will be rewarded by finding among the refuat 
of their nets many an interesting plaut^ which would othei 
wise remain beyond his reach. 

TJie character of Uie marine vegetation alao deptjodf 
greatly on geograpbical considerations ; indeed, far more i 
than does the fresliwater Flora. Wiih regard t« the Eun 
pean coasts, those waslied by the Mediterranean, tl 
Adriatic, and other southern seas, abound particularly in tl 
genera included under the great 'Ked' group, known t 
the Floridea: ; while the ' Olive ' genera, the MdanosporeB 
of syatematists, preponderate on the northern shores. / 
we approach the equator we find the Algie assuming a m: 
and brilliancy of colouring far surpassing anything we a 
accustomed to see in the temperate zone. 

[The figures on Plates xvi. and xvii. will assist the youi 
Algologist in recognising members of the great ' dark-spared^ 
group, the conjmonest on our shores, and generally tLe GrB( 
to strike the eye of the beginner. — Ed.] 



CHAPTER XI, 



)upe(i tmder tlie l«nn Chnracete have 
found a great difficulty in establishing a place in nature. 
They have been a kind of vegetnble outcasts, ' castials,' 
without any Hpecial ward aaaigned to them I The truth ia, 
that while their organs of reproduction are those of a 
Cryptogam, tlieir external form bo nearly resembles that ol' 
many of tha higher orders, that the earlier botanists may 
well be excused for having given them a habitalion among 
the latter. The great Liniueus ranged tliem in Lis claiis 
and order, Moncecia Monandria, removing tliem, strange to 
say, from it place which he had formerly given them, and 
which was much nearer to ihe truth, among the Crypto- 
gnmio, not far from the Lichena Jussieu, He Candolle, and 
Hobert Brown retained them among the PLanerogamia ; 
Agardh and "Wallroth referred them to the Alga. Only 
recent authors. Hooker, Lindley, Ac , have allowed their 
claim to a separate order, and have SkcA then; identity us 
members of the Cryploganiic family. But oven now ihe 
unfortunate Characece are far from finding permanent rest, 
being bandied about from one neighbourhood to another, 
from Algie to Fungi, and from Fungi to Lichens and Equi- 
setaceffi. Without pretending to lay any claim to sys- 
tematic accuracy ia this little work, I believe that we are 
adopting a right course in placing our troublesome proteges 
between the Alga; and Fungi ; their tubular stems recalling 
the former, while the spore-like bodies contained in the 
nucule seem to mark then: affinity with the latter. Like 
many of the Algnj, too, a large number of Chsras are gifted 
iriA the power of encrusting their stems and branches 
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■with carbonate of lime ; an unfortunate property for t 
collector, as it renders them ho brittle, that he hai boi 
difficulty in securing plants in a perfect condition. 

All the Characete prefer, for their habitats, ponds si 
ditchea with a muddy bottom, and in which the water i 
clear, although stagnant ; they are rarely found in awifll 
flowing Htrenma and rivers. As a rule, they prefer ehallfli 
pieces of water, though many species flourish at consider 
able deptha in ijie larger la-kea. Some, perhaps a fourth c 
the European varieties, delight in brackish water ; a few a 
the sea itaeF. Their geographical range is wide, bein^ 
found in greater or leas abundimce in every quarter of th* 
globe, although most common in the more temperata 
cUmes. 

On account of the extreme brittlenosB which characterise* 
these plants, it is extremely difficult to handle them withoaC 
breaking offportioni. A first consideration, then, with th0 
collector is to avoid entangling the individuals as they ara 
brought out of the water, as his subsequent efforts to 
separate them from each other wiU cauite him infinita 
trouble and vexation. 

There is no difficulty in collecting them, when th^ 
channe to grow near the bank. The collector must dip big 
hand into the water, and seizing a tuft of the plants as oeac 
to the root as possible, grasp them firmly and draw then); 
up to the eiu'fece in such a way liiat they shall not bene 
over on tliemselvea, and get dieir branches twisted ai 
jumbled together. Before attempting to get rid of t 
mud, (luanticies of which are sure to be clinging about iJ 
~ 3t, the upper clean part should he enveloped in paper t 

is will prevent it Irom getting dirtied, and will keep t' 
1 and branches from entangling. Then hold the nx 
he water, kneading them soAly with the hand, but not 
drawing the fingers through them. The purified masaetf 
may then be laid lengthways between folda of damp papeK 
and carried home : a portfolio is the best and safest mode ol 
ttansport. The greatest care must be taken not to allo^ 



tlie HpecimesH to iry up before tbey are proporly laid out, 
as their brittleuesa is increased a thouaandibld when they 
have loat their fluidH. Hence the necessity of aprioldiug 
them irith water on reaching home, if tliey are to be lell 
for any lime before being got ready for the herbarium ; 
but the best plan ia to set about preparing them at once. 

Where the species grow in very deep water or beyond 
the reach of the arm, it is requisite to employ tlie double 
rake, which baa been already described at p. 5. If the 
iioUector has a. boat at his command, it is better, as of 
course he has bo much larger an expanse of water on 
which to make his experiments ; otherwise he must 
confine his efforts to the comparatively small area, em- 
braced by the distance to which hia line will reach from 
the bank. In any ease the rake must be allowed to roach 
the bottom, and then dragged slowly along fif in a boat, 
the movement of the latt«r us it flouts without the use of 
our or paddZe, will give sufficient impulse to the rake) 
imtil a check ia felt, upon which it must be ^rawn up and 
the booty secured. It is rare that this Uttle instrument, 
if made according to the instructiona previously given, fails 
in the services required of it. Of course in fidiing in such 
deep waters, it is impossible to guess what they will yield, 
and a good deal of worthless stuff will be dragged into the 
boat. However bright and clear tlie waters may be, it 
requires an experienced eye to delect what may be growing 
at the bottom ; and even that reHource is cut off if the 
slightest wind ruffles the surface. But, generally speaking, 
ihe collector will be able to judge pretty well of what he 
may expect to find by paying attention to the fragments 
cast on the banks. In places where irrigiition is carried on, 
it ia advi.«ible, in the winter and spring when the fields are 
flooded, to examine the masses of duckweed, sedges, &c. 
that are scattered about. The chancea are, that he will 
hit upon Eome minute fmgmenls of Chara, indicating what 
' e may espect to find worth gathering later in the year. 
f the Characea themselves loo he will Irequeniiy 



come BCTOSB Hinnll portions of otLer apct'ies, proving thai 
the latter grow Homewhere in the neighhourhood and maj 
be got at by diligent search. Not unfrequenlly several 
epeciea grow together in a. single colony ; or again numeroui 
kinds may flouriBh in distant parts of the came piece oj 
water, requiring close observation on the part of thi 
iutelligeat botanist, who will not be content with Eecurii^ 
n Boliliiry specimen, but will toke a careful survey of thj 
banks Btep by atep. Ue will bear in mind, too, that in ' ' 
order Bevsral species bear a close resemfalanee to i 
other, while they are wet ; whereas, on being dried, whici 
speedily takes place on being exposed to the air, the apecifit 
differences are eanily seen, as they depend mainly on t" 
manner in which the tubular stem is formed. 

The first step to be taken in preparing the Characea fa 
the herbarium is to lay the larger masses on a table, divid 
them into smaller portions, and then extract the individui 
plants. I recommend this being done on a table and u 
in water, becniMe the plants we are dealing with have i 
strong tendency to intwtivine their branches, especially { 
there is any movement ; and this is almost unavoidable it 
the fluid on which they rest. 

The separate specimens may now be dropped into t 
basin of water, those only -having been selected which t 
furnished with root, stem, and branches ; for, as in the ci 
of the Phanerogamia, those esamplea only should be pro 
served which give a true picture of the wnole plant. Nt 
mere fragment, however pretty to look at, is, under ordinaii 
circumslances, worti the attention of the botanist. 

Kow Jet a piece of stout paper of the proper size 1 
inserted under the Chara, and let the latter be drawn ova 
it ront foremost. The only further care necessary is ti 
draw the paper slowly out of the water, and with a blim: 
needle re-arrange any branches which may have been di» 
placed. Xieave the paper undisturbed fiT a short time U 
let the water drain off, then lay it on some sheets of blob 
ling paper, and cover it with itearine paper. This msy fa 
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repeated until a convenient pild is formed, Whicli hTiouH be 
tbrtkwith Bubmittod to the press. After the lapse of a few 
lioura the damp blotting paper must be removed, nnd 
leplaced by dry material, epecial care being taken not to 
disturb the atearine covering, aa tbe Charace» are very apt 
to cling to it : but tliis is of no consequence, as they will 
( aaily aeparate as soon aa the specimen ia perfectly dry. 
If, on finally removing them from the press, the plants do 
not adhere completely to the paper on which they lie, a 
little gum-arabic niuy be placed under tie stem and prin- 
cipal branches. 

The extreme fragility of the Characete must never be 
lost sight of during their preparation, and the drier they 
become, the more strongly marked is thia tendency to break 
up into fragraenta. Thie tendency remains even after they 
are placed in the herbarium : the only remedy I can aug- 
geat ia to insert a vary thin layer of common wadding be- 
tween every half-dozen sheets of the prepared specimens. 
The wadding, however, must be previonaly moistened with 
benzine or corrosive sublimate, or sprinkled with camphor ; 
otherwise it ia but inviting the attacks W Auobia and 
Dermeates, and similar destructive insects. 

The Characew being of a comparatively large size, a low 
power only of the microaoope is needed for determining 
their charnct^lstics ; indeed an ordinary lens ia generally 
sufficient. The stratum of carbonate of lime, which 
invests the majority of these plants, must of course bo got 
rid of by means of an acid, before any observations can be 
made on their inner stmcture. 

The apeciea of Nitella, as being entirely free from this 
incrustation of lime, afford the best opportunity to the 
student of watching the wonderful phenomenon known, 
in technical language, as ' cycloais,' or ' rotation of the 
protoplaam,' but commonly called ' circulation of the sap : ' 
this, however, it is not. Under a poiver of not leaa than 
200, green globulea arc seen to circle round and round 
each of the cells. But these globules are not the sap, 
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but granules of chloropliyll (the substance which gives 
the green colour to plants), and they are being forced 
along by a current of mucilaginous matter, termed proto- 
plasm. What the purpose of this never-ceasing rotation 
may be has not yet been discovered. 

In the CharaceaB, also, may be observed the movements 
of the spiral filaments or spermatozoids, which swim 
actively in water, on being pressed out of the globule or 
antheridium. 



CHAPTER XII. 

OF THE FUXQI. 

Aa THE Alg^ require water in larger or smaller quantities 
(or their support, so the Fuugi demaud for their perfect 
f] evelopment the decaying remains of other organisms. 
Wherever rottenness and corruption are present, tiiei-e are 
wo sure to meet witli a rich Fungnl vegetation. Let a 
plant fur instance be sickly, it is seized upon immediately 
by A host of pai'aaitea belonging to this class ; their cotton- 
like mycelium penetrating ita cellular tissue, disorganising 
its structure, and estractiiig nourishment irom its infected 
juices. Wet wood, fallen leaTCa, animal excretions, all 
ivfford a, nidua for tliese scavengera of nature, who only 
spring from the earth itself when the latter is rich in 
humuB, or, in other words, in decayed vegetable matter. 
For a like reason they are to be found in abundnnce on 
damp tree stems and in mints and cellars, where fragments 
<•( rotten wood supply the conditions necessary to their 
existence. It must not howeyer be imagined, that, because 
tliey are found in deep mines or in cellarB, into whicli tlie 
rays of the sun never find their way, Pwngi are less 
dependent for their perfect development on the action 
oi' light and air, than tie more highly organised members 
of the vegetable kingdom. The fact is, that they exist 
it) these localities only in a certain condition, as hyssoid 
products or mycelium ; they never come to perfectinn. 
It ia a matter of grave doubt to this day, what ia tlie perfect 
fi)rni of the well-known Ehacodiuni cellare. 

There is in tnith scarcely a single object in the whole 

realm of nature which ia not liable to ihe attacks of these 

^miBute enemies. 'Hie timber of our houses, as many a 



t 
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liinJIorii linowa to Lis cost, crtimbiea iiilo dust under t 
influence of ' diy rot ' (^Merulius lacrymans). Our brea 
our cheese, our ink, and an infinite number of s 
household mattflra — only let the conditions be faTOulull 
— are quickly overrun with the deUcate Fungi, which, 
common language, are grouped under the name of ' inoiil< 
(MucoracesB and Botrytaceaa). A stroll in the gardei 
a walk through a field, shows ua how readily our flowa 
nnd cweals Biiccumb to the insidiona growth of 'smn 
iind ' brand ' (UredinaceEe). Nor are the members of t 
nnimal kingdom one wbit more exempt from the aec 
of the common enemy ; while Empusina fixea itself oi 
common house-fly, and Tormbia on a caterpiliar," Muaoa 
iline is the nanieol'a so-called disease which destroyamyria 
of silkworms in aunny Italy, and which is iu feet notli! 
but the mycelium of n Fungus (Botrytiehassiana), grow] 
within [heir bodies and consuming their vital powers. 

The most favourable situations, however, for the i 
velopment of the Fungi are undoubtedly those wtei 
a moderate degree of dampness is united with an equal 
nud not too high temperatiue. Hence forests and woo 
are certain to provide the coUector with abundant materi 
since they are rich in the elements most needed for t 
production of Fungal life ; viz. organic substances in a sti 
of decay, shelter from cold biting winds, shade, s' 
moisture. For like reasons, old thick hedges, not t 
much exposed to the sun, often abound in crimson Peziq 
orange Tremella;, and the curious nest-like Nid 
Warm rains also in the autumn are favourable to i 
growtli of this class, so that it is sot an unuBual thing 
see astonisliing qtiantities of mushrooms in the fruitere 
shops, or to come across gigantic puiF-halla aud boleti 
the woods, at that time of year, wlien they have bet 
(jnite scarce during the hot summer months. Not tU 
the germs depend for their growth on any particul 

• On PlatM ivin. xii. (36, 97) arc given seTcral exumple* 
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aeason ; lit no period, other circninataiicea being farouriihle, 
need the collector fear to return home from hia oxcmBiona 
ympty-handed. 

Hia outfit ia comprised in a few words: 

1. A bag, or rather inapsack, the back aiid front of 
which are kept apart by two or three pieces of stout mill- 
board — these same pieces dividiog the interior into separate' 
divisioDB. Tlie use of this knapsack is for the large thick 
apecimens — the Agarics (Plata sxiv.), Helveliids (Plate 
SIX. 98), and Lycoperdaeeje (Plates xix. 99, xx.), also 
pieces of wood on which minute Fungi have fixed them- 

2. An old book, in which to crarvy leaves and other thin 
parts of plants ; the habitats of Puccinire, Leeytheie, &c. 
An india-mbber ring wiU keep the whole together. 

3. A supply of chip and pill boxes, and small wide- 
mouthed bottles. These are all uaeftU for the transport 
of the more delicate Fungi. 

4. Paper for wi'apping up the objects. 

5. A strong sharp knife. 

Armed with these, and taking eare to keep a good look- 
out among trees and hushes, hedges and yialings, the 
collector may fairly expect to reap the reward of hia zea! 
in a well-filled knapsack. So strangely, indeed, do the 
Fungi vary in form and eize, that hia eyes mitst be at tlie 
same time both telescope and miorosoope. They must not 
only be able to embrace, from a distance, the outline of the 
great Bovista, but tiey must peer among dead leaves and 
decayed fragmonta of wood, and be able to detect ihe 
funt traces which betray the presence of au Aregma or a 
Tripliragmium (Plate xxi. 102, 103). Every tree stem 
must be diligently searched, and careful glances thrown 
a the herbaceous plants around him : every broken limb 
and rotting bough lying in hia path should be lifted up 
and examined above and below ; for it is on these, that 

ffiria (Plate sxi. 104), and Aeterospnrium (Plate xsii. 

^Aud a host of other curii us forms delight to grow. 
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True, the very minute Fungi are not to be detected by 
the naked eye, or at least very rarely ; and it may seem 
superfluous to bid the young botanist search for what he 
cannot perceive. But in truth, though he cannot perhaps 
see them, he can see where they are ; he can see spots and 
lines and fissures and excrescences ; he can see distortions 
and discolouration s, all of which announce plainly that the 
little miner has established himself, and is hard at work 
carrying out the mission entrusted to him by Providence. 
Of course judgment and discrimination are necessary here, 
as in every other department of science. Not every black 
spot on a cereal is an Ustilago, nor is every Imob or 
distortion an Hysterium, or a Polycystis. Experience is, 
no doubt, of the greatest possible use ; and, more than that, 
it must be bought ; there is assuredly no * royal road* to 
a knowledge of the Fungi. Nevertheless the student will 
do well, if it lies in his power, to seek the advice and 
counsel of an older mycologist ; so that, on his first few 
liOtanical trips, he may have some kind of notion regarding 
the characteristics of tlie minute Fungi. If he is not so 
fortunate as to have a friend, who can lend him a helping 
hand, he must needs work the matter out for himself, 
and trust to his own tact and conmion sense to discover 
these tiny organisms wliere the eye of the tminitiated 
would see only a dirty spot, and at the same time to 
separate the worthless from the valuable.* By taking 
trouble at first to inspect the leaves in a living condition, 
he will soon get to notice those in which the Chlorophyll 
is beginning to fail, and Avhich have in consequence a 
sickly appearance ; an almost siu*e sign that the germs of 

* I take this opportunity of commending to the notice of the 
mycological student, Mr. M. C. Cooke's admirable manuals, * A Plain 
and Easy Account of Britisli Fungi,' and * An Introduction to the 
Study of Microscopic Fungi.* (Hardwicke.) The research displayed 
is only equalled by the clearness with which the results of the 
author's investigations are placed before the reader. To the beginner, 
especially, thev v\'ill prove invaluable aids. — Ed. 
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somu destructive Fungus are developiiig iLemaelvea. All 
sncli leaves be wiU gather aati place in liis book for 
fiilure examination ; although, perhaps, there ia nothing 
beyond this visible to the eye, to ahow what mischief is 
at work. By way of iUuatration, I will refer to the 
disease which ao frequently seizes on the leaf of the potato 
during the smnmer. Ita first attacks escape the yigUance 
of even tlie most experienced eye. Soon, however, a 
chemical change begins to take place in the Chlorophyll : 
the hitherto greea leaf assumea a yellowish-brown tint, 
and ia finally enveloped in a layer of wliite cobweb-Hke 
threads ; all of which is due to the presence of a mould, 
known to botaniBts as the 'Peronoapora devastatris' of 
Da Bary. Another minute Fungus may be observed in 
the form of a pale spot, which gradually envelops the 
leaf on which it ia seated with a delicate web ; and a very 
close inspection will detect tiny black dots scattered among 
the meshes. These are tlie conceptacles, or capsules, en- 
closing the spores i and the whole raasa ia the well-known 
' mildew,' belonging to a genus Erysiphe, the members 
of which work sad deetruction among roaos, hope, peas, 
and numerous other plants. 

Wherever, in a word, the eye of the collector detects 
an unnatural colour in a leaf, or a diseased appearance in 
a stem, it is worth his while to esamine the sickly p.irt, 
as the chances are greatly in favour of the evil being dtie 
to the baneful action of some Fungus. Thus the pedicel 
of the thistle, the leaf of the hawthorn, the ripening stem 
of the wheat plant, &c., are frequently swollen and dis- 
coloured by ^cidia and Pucciniie (Plate xxi!. 106), which 
have worked their way into the colhilar ti^ue, and are 
rapidly destroying it. 

But it is not the stems and leaves alone tliat are subject 
to the attacks of these active assailants. It is rare to stroll 
through a field of staudiag com late in the summer, 
without finding traces of that terrible peat, the ' amtit,' 
fUitilago segetum), a dust-like agglon 



black spores, wliioh in certain eeaaona propngate tlieinaelve 
in CQuntleea myriads, always taking up tlidr abode in til 
ears. No less injuriouB ia anothec microscopic Fungui 
generally known as ' bunt ' (Tilletia caries), which groin 
within the grain itself, fiUing it with its dark mass o 
spores. On pressing the grain the spores become visibll 
to the eye as a sooty and fietid du-tt. 

Of the eases in which Fungi are noxiooa to animal li^ 
t!ie ooniinoneat and most easily observed is that of th 
Empusina miiSLte, Co/in., to whieh so many house-flies fid 
victims. It is by no means a rare thing, especially darin 
the autumn, to hnd flies with outstretched legs apparent! 
glued to the window-panes, and surroimdad by a wl '' 
lilmy cioud extending to a distance of one inch or I 
inches on each side of the body. This flimy cloud i 
Fungus, ivhich, generated within the body of the anil 
during life, has now fnrced its way out between the ri 
of the abdomen, and is spreading its filaments in ev 
direclion. [Recent investigationa have brought to iigt 
tlie almost incredible fact, that this Empudna, yrhe 
immersed in water, alters its whole character and develoT 
intd a plant, which was long looked upon as a Confervoi 
AIgn (Achlja proiifei-a, Nees), (Plate xxiii.); a plant onl; 
too well known to keepers of gold ijsh, whose aides it clothe 
with numbei'Iess tuiis of long colourless lilaments;, gToduaUJ 
wasting their powers and destroying their vitality. Nc 
does tlie wonder cease here : there is reason to belieri 
though the fact is not yet well established, that Achly 
is but another form of Botrytia baasiana, the ' Muscardine 
to which I have already alluded as consuming the iotesUnai 
of Bilkworms. — Eo.] 

All the larger Fungi must be thoroughly dried before th^ 
can be put away with safety in the herbarium. Withregar 
lo the species which flourish on such compact material a 
branches, palings, &a., the simplest plan is to cut oS B 
much of the wood as is convenient, and leave the prepamtit 
in the open air until the moistore has completely evaporate 



Fresh leaics and atema infeEted by micrcacopic forms of 
Fungi may be dried in the same way as tie fronds of fema 
01' leavea of tie Phnnetogamia, of whicii more will be said 
liereafter. The only precaution neccBsary ia, tliat the pres- 
BUie be not too hea,Ty, and that the blotting paper be con- 
stantly changed. Aa these Fungi arise, in the first instance, 
from below the cuticle in which they excavate (so (o speak) 
little hollows, and then spread themselTeB around in yellow 
or black pulverulent masses, too severe a pressure may 
force them back into tLe cavities, or at least squeeze tliem 
against the plane surface of the leaf, and thereby destroy 
their natural habit and appearance. The reason why it ia 
advisable to make frequent changes of the drying material 
is, that varioos forma of moidd are develcped wherever 
there is moisture present. This is of little consequence 
where large plants are being prepared, but may give ripe lo 
serious errors when the objects are of a raici'oaco]iic nature. 
The most difficult kinds to manage are the fleshy pileate 
Fungi, those, I mean, included under the order Agaricacete, 
or Hymonomycet«a, of Bystematic autbora. Numerous ex- 
perimenta have been made from time to time with a view 
to atrike out some plan of relaining their natural form and 
features after death. But onearrangement after another has 
Lad tobenbandonedjandmycdlogista have been compelled to 
fall back npon the earliest and wilha! the simplest method, 
that of drying them. Even this simple method, however, 
is not possible with the larger individuals, not only on ac- 
comit of their size, but because the substance of which they 
are composed ia so sensitive to the influence of moisture, thai 
it is hopeless to think of preaarving them by any ordinary 
treatment. Under the most favourable circumstances they 
are ahrivelled and shrank out of all uhape when taken fr^m 
the press. So the student must be content with having por- 
tions only of the original plant at his command ; but thei^e 
may be prepared in such a way as to he full of instruction, 
if he will follow out the suggestions I am about to offer. 
But first of the parts which go to form aa ordinnry 
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Agaric (Plate xxiv.)- On lairing up one of these pla: 
(or rather one of their fiuctifying organs, for tlie pli 
itself Ja concealed under die soil in the form of Slyceliaitt 
we see a convex expansion called the pileua or cap, sup 
ported by tlie stipes or stem, ivhioh itself riaea out of tfl 
volva or wrapper, a tough membrane, which at oi 
enclosed the entire organism, but tiirough which the pilei 
and atipea have forced iheir way, leaving only a. fragment 
cup behind. The pileus, in &ct, ia a thick leathery r< 
concealing and at the oame time affording protection to ti 
hymenium or reproductive organs ; and, on turning i 
pileua over, we see that the hymenium is divided in 
numerous plates, the lamellte ov gills, radiating from ti 
centre to the external border. Further investagationa undei 
the mioroacope reveal the fact, that these laniellse are rece] 
tacles containing the sporules, the germs of the fiitm 
Agarics. Perhaps it will simplify the matter to some ( 
my readers if I add, that the pileus with its accompanyin 
hj'menium forma the edible portion of tLe common moat 
room, the Rtipes usually going to form that useful sane 
' caiHup.' What are termed 'button muHhrooms' are ll 
yotmg plants still imprisoned within the volva, or whio 
have hut just burst througb its membranous coat. — Ed.] 
In the first place, longitudisal sections must be maa 
traveraiag the whole organism, from the top of the pilt 
to the base of the sdpes. To effect this, the operator 
a very sharp knife, or better atil! a razor, and with t 
band makes a bold cut from above doimwarda 
through the plant. This he repeats three or four times, 
as to obtain succeaHively several lamiuffi, each about t 
lines thick, presenting a kind of diagram of die differi 
parts. These should be at once placed under the pn 
Tiie quicker the operation of drying ia performed, the fii 
will be the af pearance of the preparation, and the bet 
will the natiu:al colouring be retained. This may be R 
warded by frequently changing tlie paper, and by warmi 
it before laying it on the object. 
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Of tlie two halves remaining over and above the portions 
cutaway, the operator eh ottld separate the stem irom the cap, 
and scoop out a large proportion of the hjmenium, so as 
to leave the pileua entire with a certain amount of fleshy 
matter adhering to it. It might be better, perhaps, to re- 
move the whole of the internal anbatance ; but, in tliat cafle, 
die preparatioa would have a bad appearance, from being- 
too transparent after it waa dried. The remains of the 
Btipea must be aimilarly treated ; that is to say, a large 
portion of its interior must be removed, and then the frag- 
ments thus prepared are ready for the press. As aoon aa 
the pieces are all perfectly dry, one of the stems must be 
gummed or glued on white paper, and at its upper end one 
of the halves of the pilens fixed in lite manner, ao as to get, 
in &ct, a more or less characteristic representation of the 
original plant. Where there is an abundance of specimena, 
the collector need uot be eo particular about preserving the 
two halves that have been already cut through. It is better 
indeed to dry the whole of a pileus, having first scooped out 
the greater part of the hymenium previous to fastening it 
on paper. When drying and gumming down the longi- 
tudmal aection, pains must be taken not to disturb the 
arrangement of the lamella; and their relation to the atipea. 

The forgoing applies particularly to the very largo 
fleshy Agarics. Those of a medium size may be simply 
divided through the centre of the cap and stem, and each 
half pressed and dried. The preparation ia not very 
elegant, but gives eatisfacttiry reaulta from a scientific point 
of view. The amaller epeciea, such as the Marasmii, 
Collybii, &o., require no special preparation beyond suspen- 
ding them for some hotirs in a. current of air (but not in 
the Bun) until they have lost a portion of their contained 
fluids, and feel flabby and loose to the touch. They may 
then be submitted to the press as usual. 

I should perhaps have mentioned before, when speaking 
of the very fleshy kinds, that all Fimgi of a soft nature, like 
Mushrooms and Toadstools, slioulJ be hung up in the air 
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for at least twelve hours before Ijeing operated c 

work itself is rendered much easier, and diere ia less cbano 

of the delicate parta being mangled. 

SmaU coriaceoua Fungi (the Polypori, ThylejAorte, Sm 
must not be weighted too sererely. There are some ki 
of Fungi, which are as hard as wood ; from such t 
Bocticiis may be taken iu various directions, and put n 
at once. Several species belonpng to the genera Pe 
Hirneola, &c., are of a totally different consistency, beit 
Btrictly gelatinoua. These wiil partially recover I' 
original form and appearance on being moistened, 
after they have been deposited in the herbariimi. 

As a linal process, subaequent to the pressure and dn 
iag, every portion of the Fungi — of the leathery and ileu 
kinds, I mean — must be impregnated with corrosire a 
mate, to sare them from the attacks of insects. But » 
regard to this I will speak more freely when treating of d 
herbarium, and the best method of preserving its oonte 
uninjured. 

llowe^-er well prejiared, dried Fungi, especially ' 
pileate group, are very difEcult of deter miuatioii. 
tlierefore, from want of time or leisure, the student 
unable to submit his freshly gathered examples to a rig 
exominalion, he should at least assist his memory t 
making a note of such characieristics as come undtr h 
eye before tlii plants are dried. The main points to obser 
are these : the colour of tbe Bt«m and of the upper but&i 
of the pilcus; consistency of the fleshy substance, whetb 
hard and brittle, tough and gelatinous, soft and spon^, &a 
the odour emitted, of garlic, of violet, of putrid fles 
the presence or absence of a mill^ fluid when fragmeD 
are broken off; and, lastly, the clianges of colour, whit 
take place when the plant is freshly cut. For a intt 
scientific diagnosis it is necessary to ascertain, what relatje 
the reproductive parts hold to the geneial structure of ^ 
organism; whether, for instance, the spores are imbedded} 
Iamell{e(aB with tlie Agarics), are borne in tubes 01 




part of the disc (as in the Polypori), or wlietJier they cover 
the top and sidea of a club-ahaped receptacle (as in Clavaria, 
&c.). The spores themaelTea ahonld also be aecnred aw 
usefiil aids, Thia may be done by laying the fruetifyiDg 
oi^anB on a piece of white paper, and leaving it undisturbed 
for about twenty-four hours. On lifting it at the end of 
that time the paper wili be seen to be sprinkled with a 
brown Coccasionally white) dnat, which is in fact a multi- 
tude of ripe spores : these may be wrapped in paper, or 
shaken into a corked tube for tiiture examination. 

I strongly advise the young mycologist to make drawings 
of the Fimgi, or at least of the principal forms, which come 
under his notice. Even if he is not tt practised draughts- 
man, he can by perseverance soon acquire skill enough to 
copy their outline, and lay on the proper colouring : how- 
ever roughly done, he will probably find his sketch of 
conaiderable use in the comparison of individuals and the 
determination of species. The sjalematic examination of 
tbese plants cannot: be carried on without tha aid of the 
microscope, on account of the extreme minuteness of their 
organs. In some instances an ordinary needle attached to 
a wooden handle is sufficient to expose their inner structure: 
generally speaking, however, the cellular tissue and oig;ans 
of fructification cannot be properly seen unless a delicate 
section is made with a razor. With such aa rest upon a 
stout, £rm base, like the branch of a tree, there is no difh' 
culty ; a little practice will enable tlie student to make a 
clean cut from end to end. The Mime may be said with 
respect to the Agarics fmd other soft, fleshy kinds : in these 
a section may be easily made through the pileus, eo as to 
include the hymenium. On the other hand, species which 
are parasitic on the leaves of Fhanerogsmia must be 
treated in a different way. The leaf itself, not giving 
miiEcient support to the cutting instrument, must be laid 
between two pieces of cork — a common wine cork divided 
longitudinally answers perfeclly well; then, by cutling 
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clean through corlt and leaf, seotions of tlia required tliii 
ness may be obtained without difficulty. To keep tb 
two pieces of cork from shifting during the operation, thf 
may be thrust through a metal ring of auitable Biz 
piece of stout paper may be gummed round them ; 
simpler plan is to tie them together with Btrong thread c 
thin string. The section can be placed at once on a sUd( 
with a fine hair pencil. 

In a large number of cases the fruit must be esamini 
in a dry state, in order to ascertain the true connection ( 
the spores with their receptacles, aa water causes them t 
separate. Of this description is the whole order of Botry 
tacese or Hyphomycetea — an order which embraces most 4 
the common ' moulds,' growing upon organic aiibstancei 
both dead and liviog ; the Peronoapora of the potato, li 
which I lately alluded ; the parasites which infeit At 
onion, pea, rose, and clover, and numerous other pests 1:* 
the fiirm and garden. In all these (which to the nak 
eye appear as patches of a wliite woolly substance) I 
fhiit, or aoroBpwes, as thejr ore called in technioal laa 
gnage, are situated on the tips of certain upright threa''"^^ 
sometimes solitary, but more generally branched, so as 
have the appearance of miniature forest trees, only tJ 
there are no leaves, and that each branchlet supports at il 
apex a single round or oval acroapore. In some cases til 
branchlet itself is moniliforra, or made up of rows of thea 
tiny reproductive orgaiw, adhering end to end. 

From some unknown cause, the 'pedicels' 
come in contact with water, than they ' lose their heads ; ' 
the fruit drops off, and the ohserver misses the chance t 
ascertaining the way in which pedicel and acroapore n 
united. If then a fluid is applied at all, a single d ^^^ 
mu»t be laid on the slide after the specimen has been place 
ready for oitaminalion. Let the water touch the cover' 
glass, and it will creep undtr by capillary attraction s 
e the object. 
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The following re-agents may be used with advantage in 
the examination of the spores — sugar, sulphuric acid, 
iodine, and caustic potash, in solution. [As to the method 
of employing re-agents, I miist refer the student to the 
works of Dr. L. Beale and others, bearing more directly 
upon the subject than this little work pretends to do. — Ed.] 
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CHAPTER XIII. 



OF THE LICHENS. 



^^^H JuDGiNQ FflOM external appearances and from their 
^^^^H habits, no two groups of plunts would seem to be ma 
^^^^m disticctly separated tliun tlie Fungi and tbe Lichena. Tli< 
^^^^B boundaries, one would snppdse, are as ehar;ily defined 
^^^^1 any embraced under the great iamily of Cryptogami 
^^^^r Nevenheleax, modern authorH are gradually drHWing 
^^^^ the opinion that, sooner or later, the Lichena muBt 
reduced to mere forms of the Fungal clnsa. Tha point i 
which the ' Separatists ' have mainly relied ia the preaeni 
in the thallus, of globular gonidia, containing a gn 
matter in the cells, which goaidia are supposed to 
wanting in the Fungi ; but it is certain tbat some of ' 
Lichens (Abrothallus for example) are destitute 
gonidial cells. And it is by no means certain that soi 
imalogoua structure ia not to be found in many of 1 
Algw. Agardh considers Lichena more nearly allied 
Fungals than to Algols : he remarks, that ' if Splueria«, 
Pe^izfls, had a thalluf, they would be Lichens ; and that 1 
snrae pari is all that determines such genera as Calydui 
Verrucaiia, or Opegrapha to be Lichens and not Fuiifl 
(Lindley, 'Vegetable Kiugdom,' 47.) 

However, 'eaving theae matters to be discussed 1 
jihywologistfl, we will assume for oiu- purposes, that i 
dietinclion ordinarily laid down in regard to tbe ti 
classes is correct, vix. that ' while the Fungi have tli< 
vegetative structure immersed in the niedium in whii 
ihey grow, tte Licliena are entirely aerial encrusting plan 

A practical matter of great importance fo the col 
though o( no value in (he eyes of the sysfemutiat. 
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admitted &ct, that no Lichen is ever Biibmersed, and that 
they are never developed in mines, caverns, or places 
deprived of light. la this respect they form a striking 
contrast to both Algfls and Fnngi ; the former, ae we know, 
depending for their very existence on the presence of water, 
wliile the latter love moisture, and the absence of direct 
sonlight. 

Licheua, however, prefer tlie driest and most exposed 
localities. Within certain limits they bear, with equal 
indifierence, the scorching heat of tlie midday Eun and the 
icy breath of the north wind. Even when so dried and 
withered as to crumble in the hand, they ivill wake to new 
life when again moistened and placed in such conditions as 
allow of the development of their cells. This exti'aordinary 
persistency, the power of retaining life under circnmstances 
which would ba fatal to any other organised being, causes 
the Lichens to be veiitable pioneers in the vegetable king- 
dom. Taking pofisesaion of the bare (ace of a cliff, where 
not even a moBS could jind footing, tliey seiKe the passing 
dew or raindrop, introduce it into the shallow ficBures of 
the rock on which tiiey are clustered, and thus gradually 
prepare a foothold for the higher plants. Nor ia their 
uaetulness limited to their living state ; their very death is 
made subservient to the great purposes of nature, by filling 
die cavity on which they grew with the humus formed out 
of their own corruption ; doubtless a trifling amount, but 
Bufficient to supj«rt the tiny moss which aiicceeda tliem, 
and which in its turn lives and dies only to supply 
nutriment for some more highly organised plant, Perliapa 
the most remarkable evidence of the powers of vitality 
belonging to this class is shown in the fact, that no sooner 
do the streams of lava begin to cool aAer a volcanic 
eruption, than a Lichen (known as Slereocaulon Veati- 
vianum) spreads its hard solid thallus over the glowing 
sur&ce. 

Most of the Lichens prefer lo grow on either stone or 
y few Hourisli on the naked soil ; a small propor- 
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tioD are parasitic, either on other Lichens (as AbrothaUiu) 
or on the leaves of box and simijar evergrecDS (os Strigula) 
The collector may hope to get hia best gatheriogs from 
atone and biick nails, tninke of trees, palings, and posts, all 
of which are often clothed with an immense variety of theatt 
plants, especially where they have a northern aspect. 
Many of the species are exceedingly minute and of so dark 
a colour, as not to be easily distinguished at a short distance 
&>m the bark on which they rest. In fict, tree stems and 
palings mnst be as diligenUy searched for Lichens, ns the 
leavesandetalks of herbaceous plants £jr microscopic Fungi. 
The same outfit is requisite here as was recommended in 
the last chapter, with the addition of a couple of chisels 
(pointed and broad) and a hammer for detaching th6 
species which grow on the surface of rocks. 

Those kinds which are more or less free (that is to s^, 
in which the thjiUns is not wholly fixed down to Ina 
object on which it grows) may be simply taken oflf by h 
and, if not too dry, pkced between the leaves of a book. 
is best to gather them when they are damp; Mmseqnently, 
the fittest time for searching for them is after rain, or in tut 
early morning before the dew has passed away. BotaiUBlii 
however, cannot always time their excursions so nicely k 
to n)eet these circumstancea exactly. When this ia thi 
case, and the specimens on being gathered feel dry aiM 
brittle, they must be dipped in water, and suffered ti 
imbibe so much of the fluid as to render them limp ani 
flexible. After this, allowing the surface moisture ti 
evaporate, they may be safely carried in the book, ot 
wrapped in paper, in the pocket. 

I may as well observe here, that most of theLichenfl,whict 
are of a light grey tint when dry, become much darker, 
and frequently quite green, when moistened. I mentioB 
this that the beginner may not be disappointed, aim 
attribute to his unskilful preparation what ,"■■•■ 
natural change of colour. 

On being brought home the specimens must be lookee 
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over, and, when necessary, again damped and softened. 
They Hhould then be spread out between sheets of blotting- 
paper, so OS to exhibit as near as can be their original 
character, and left to dry under a light pressure. On 
the whole, the Lichens cause leas trouble in their pre- 
paration than any other group of plants, except perhaps the 
Mosses. 

In the case of certain small species (as, for instance, 
Bceomycea roseus) which grow on the eartJi, the better 
plan when collecting them ia to carry away with the plant 
a thin layer of the soil itself. This is easily effected by 
means of a hnife. In the same way all such as flourish on 
wood, tree stems, palings, &c., should, on being taken off, 
retain a very thin section of their support. The difficulty 
of gathering those which are timily fixed to the face of a 
I'ock, overgrowing it like a thin crust, is far greater, as the 
stone itself must be chipped off with chisel and hammer. 
Of course the diffictilty is increased where the operator has 
to deal with the stnooth mu&cB of a compiict rock ; is, on 
the other hand, it is conaderably lessened when the material 
is of a calcareous, slaty, or schistose character. Each piece, 
oa being broken off, must be wrapped separately in paper, 
to prevent them from nibbing against one another, thereby 
spoiling the incumbent Lichen, or at least destroying its 

I take this opportunity of cautioning the botanical novice 
against preserving only such small specimens of the chipped- 
off rock as will lie between the sheets of his herbarium ; 
an error he is liable to fall into for the sake of uniformity 
itnd for convenience of arrangement. He forgets that, as 
lime goes on and his collection inareases, it must of 
necessity be divided into numerous smaller portions, and be 
put away in drawers or boxes. He had, therefore, much 
I tetter at once secure good instructive examples, even 
though he is obliged to keep them in separate repositories, 
than have to do his work over again at a fiiture period. 

1 need acaroely perhaps add that, with Lichcnn, as with 
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any other form of plant, those are the most instructive 
examples in which the organs of fructification are well 
displayed. As regards the Lichens, indeed, the presence of 
tlie fruit is indispensable. 

Investigation into their minute structure is accomplished, 
as in the case of the Fungi, by means of thin sections, cut 
through both frond and receptacle. 



CHAPTER XIV. 

OF THE MOSSES AND THEIft ALLIES, 

The Mosses occupy a less excluBive position than the prp- 
cediiig claaeea of the Cryptogamia, inasmuch as in many 
respects they apptosimate to the great femily of planfs, the 
Plianerogamia. [Not that there is any likeneaa to a ' flower ' 
- in their organs of fructi£cation ; so far there is still a wide 
gulf between the highest of the ' Muscal allinnce ' and the 
lowest of the sexual plants : nevertheless, when we come 
to examine their structure, we find that among HoEses a 
great step in advance has been made in the scheme of 
nature. For the first time now we have to deal with a 
true r<Jot, fl tme stem, and true leaves; though it laust be 
owned, that in a few instances it is a work of some difBcu)i.y 
to detect these organs. Thus Buxbaumia aphylla has re- 
ceived its specific name from the apparent absence of leaves, 
tmd the species of Sphagnum retain their roots only in the 
yoimg state. For the first time, too, we meet witli traces 
of that special characteristic of the more highly organised 
plants — a vascular system. — Ed.] 

With regard to the localities in which the IVIoases 
delight to dwell, we find them to bo truly cosmopohtan. 
The particular species are by no means indiflerent to tho 
situation they may occupy; but, taking them as a whole, the 
members of this order exist wherever shado and moisCuro 
are afforded ; tho actual species varying according to the 
nature of the soil, and the material on which they grow. 
Streams and morasBes have their peculiar species. Fonti- 
nnlis, Sphagnum, &c., are strictly aquatic ; and from the^e 
we may trace them, step by step, to tho sloping sides of a 
ditch, the weather -beat en roof of a thatched cottage, the 
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refta in a wall, the hard surface of a rock, and finally B 
Hpots (aucii aa the resort of the charcoal-burner) wh 
the soil, though sheltered by treeSj has been withered i 
scorched by the action of fire. 

Mosses, observes Lindley, ' are found in all parts of tM 
world where the atmosphere ia humid, but they are 1^ 
more common in temjierate climes than in the tropica 
They are among the first vegetables that clothe the « 
with Terdure in newly formed countries, and they are i 
last that disappear when the atmosphere ceases U 
capable of nourishing vegetation. The first green ( 
upon the cinders of Ascension cou^sted of luinute Moi 
they form more than a quarter of the whole Flora a 
Melville Island ; and the black and lifeless soil of Nan 
Sou& Shetland is covered with Hpecks of Mos^ strugglii 



Their favourite locahties, however, are those whioh 1 
rich in decaying vegetable matter, and but little e 
to the sun's heat ; so that it is to the wood and fon 
deep ravine and the narrow valley, that the collector t 
look for his principal gatherings. The aliady side of b 
ridges must he carefully searched; also damp hedger 
and wet rocky places, especially with a norliern i 
for in theee many of the delicate Jungermunnim 1< 
grow. A few, comparatively rare, forms (the Spli 
choose the dung of animals as their habitat, princip 
Alpine and Subalpine districts. ' One of these, Splachni(i 
imgustatum, which is ommonly met with upon dung, f* 
once saw growing vigorously upon the foot of an 1 ' 
stocking near the summit of Ingleborough, Yorkshire. " 
same species was found by a friend of ours covering t 
half decayed hat of a traveller who liad perished on li 
mountain of St. Bernard in Switzerland; and the 
we mistake not, was discovered by Captain Panj i 
Melville Island, vegetating in the bleached skull of a niid 
ox,' • The Sphagna, as slated above, are truly atjuatd 
• Mnscologiii Briiannica. 
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choosing by preference tlie Bwamp and morass, great tracts 
of which they cover with their spongy tufta. They may 
be easily distinguished, even at a long distance, by their 
singular pale yellow hue, bo different to the bright rich 
green which generally marks the Moss tribe. The denizens, 
however, of the water are far inferior in number to those 
which draw their nouriahment from the atmosphere, 
tLriying on the snrfece of rocks, damp walls, and stems of 
trees. Thus the Orthotrioha are almost entirely confined 
to the latter habitat, the exceptions occurring on rocks, 
never on the naked soil. The collector, therefore, must 
taUe a rigid survey of the trees, as well as of the ground 
which they oversliadow, taking particular care to examine 
the hollows Ibrmed by the junction of the branches with 
the stem ; also the base of the tree where the latter passes 
into the root and buries itself in the soil ; for it ia in places 
of this descriplion that the rain and dew settle, and 
consequently Mosaea are encouraged to develop themselves. 
Uprooted treea, on which time and the weather are beginning 
to make an impre-ision, are also fevourifo localities for 
nearly all the members of the Miiscal alliance. Let them 
be clMely investigated, for, other conditions being aua- 
piciona, more examples will often be gathered here than 
hours of rcaeaioh will diacloae in many leaa-favonred spots. 

A strong knife, a waterproof bag or small tin vasculum, 
a few small bottles, and a supply of paper, are all that ia 
necessary, by way of outfit, for a ' ramble among the Mosses.' 

If poasible, oiiy such specimens as are in fiill fructifi- 
cation ahoald be gathered ; for, as a practical mutter, mere 
tufta of leaves without signs of Iruit, or with immature 
fruit, are really of very little value. So important is this, 
that, should tlie collector find himself in a neighbourhood 
where the Mosses do not yet display their fruit, he had far 
better leave tliem for a while, than gather them at once, 
however tempting the opportunity, or lovely the specimens. 
Let liim mark the place carefully, and revisit it in a montli 
^yo, and in a!l probability he will be amply rewarded 
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I ibr his self-deniaL Of conrse there are caaes in wliict 
la bal little chance of seeing the spot a second time ; then 
no help for him then but lo secure the prize wLile III 
CUL There are a few cases too in which the plants raielj, 
if ever, develop th«T organs of tVactificatioii. Here again 
he mtist ' take things as he finds them ; ' it would be of no 
iise to wait, and he miiEt be satisfied with sterile esamplcs, 

£!Tie reproductive organs of Mosses consist of so-called 
cridia and piatitlidia, or arc^^ones. yhe fonnei 
are minnte globnlai or oral bodies, supported on a short 
pedicel, and, when ripe, discharging a gnmnlar mattei, 
which has been likened to pollen. Thej are tieuaUy 
associated with a nnmber of jointed cellular filamentt 
or paraphyses, the ' fila eaccalenta' of Hedwig, Theac 
antberidia are considered to be the represcntativea of tlM 
stamens, or male organs of the lowering plants. Tlw 
pistiUidia, on the other hand, minute flask-sluiped bodie^ 
swollen at the base, are looked upon, as their name implieiy 
as corresponding to the pistils, or female organs of Hktf 
Fhaaerogamia. &j degreea they are dereloped into tbv' 
long 8t«nmed capsule, or theca, so conspicuous in m 
Mosses by their bright chestnut coloiir. 

Now it is requisite, if possible, that the student shoi 
provide hiraaelf with examples of each of these organs, i 

only because of the interest attached to them, but from I 

increasing tendency of miiscologists to base their systcml li 
claasificalion on these minute structures. — Ed.] 

It frequently happens, however, that Mosses an 
clous ; that is to say, the two kinds of reproductive 
arc ffltuated on separate plants, the mature female of 
being the most conspicuous. This is exaclly analogous to 
what occurs among the true sexual plants; but thtjQ tbelf: 
parts, as a rule, are evident enough, whereau among Air 
Mosses and their allies the same purls, at any rate at b^ 
are strictly microscopic. All we can recommend to tbt 
student is, to make diligent search. If the antheridia Ht 
not to be found in the ' pistillidiferous ' specimens, he " 
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e the neigliboTirhood (especially where it varioa a 
little in eleTa,tion or dampnefia) ii>r lunle plants. ' rraotice 
makes perfect,' and though frequent disappointments msj- 
occur, Bucaess will follow, in a greater or leaa degree, as he 
applies himself more Tigorovisly to his work. 

In gathering tjie Hepatic^ it is indispEiiBable to secure 
tie organs of Irucfificalioii : those are of simpler Btnictiite 
and lower organisation Ihan in the Moiraea, consisting of 
capsules either imbedded in the thick cellular frond (the 
Biccin;), or elevated on footstalks (Marchantia, Juuger- 
mannia, &c.), but in either case improTided with the 
nalyptra and operculum, the hoods which distinguish and 
protect the spore caRea of tlie true Mosses. When then the 
latter plants are placed in the bag or vasculum, precautions 
must be taken against losing the hoods, as they are of 
great service in the elucidation of genera, and unliappily 
they are very apt to drop off— [I always myself ' bottle ' a 
few small specimens, the enclosed moisture preventing the 
separation of the calyptra from the theca. The leaves too 
are kept fresh and the plants generally are saved from 
rubbing and consequent mutilation. This refers more 
particularly to the Jungermanniie, the extreme delicacy of 
whoso fruit, and stem, and leaves demand most tender 
treatment. The ' bottling ' also ensures a specimen being 
ready for examination immediately on returning home ; 
though this is by no means essential, as all tlie Moss tribe 
speedily recover their plumpness and general appearance, 
on being immersed in water, after they have been long 
dried, — Ed.] 

They are very easily prepared for the herbarium, all 
that is necessary being to separate them into convenient 
portions, pick out all foreign bodies (such as fragments of 
leaves, &c.), place them between blotting-paper, and sub- 
mit them to the press. The weights employed must be 
■ of the lightest, as otherwise the natural appearance of the 
plaote are distorted; The true Mosses are usually divided 
into two chief sections — the Acrouarpi, or those in which 
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; fiiiit is BituatGil at tirn Bummit q{ a. stem, and tht 
■ Pleiirocarpi, wliich bear the fruit on the aides. In ou 
pword, in the first, the theca or capaule is teiTninal; in thi 
eecond it is lateral. This diiTerence of atructitre nec«sait8te| 
a difference of treatment in preparRtion. Bunches of dMt 
lateral fruited speciea may be separated by the haad wiiho^ 
taking the trouble to i»iolate individual plants ; it is bett^ 
in fact, to leave them nuteaed together, as showing theii 
character of growth more accurately. With the tertniniA 
fruited species, on the contrary, the natural habit of th^ 

C plants is seen better if they are separate, though thef 
need not be entirely bo. For thia purpoBO, two or thre^ 
idean cuts may be made with a knife thmugh the tui^ 
jfrom above downwards, thereby making thin sections heW 
together slightly at the bottom, either by (he adberanlj 
earth, or by their own int«a;woven roots. 
Some of the very delicate kinds, such as Brachyodos 
Seligeria, and many of the Jungermannire should be eoHectod; 
together with the bark or atone to which they have a 
tached themaelycfl. 
The HepaticEE need great care in their preparation ; Di 
^e least difficulty is the getting rid of ihe soil from tbei 
roots without injuring the leaves or breaking the i 
The best method of accomplishing this is to lay the plsoti 
jnat as they are brought home, in a cup of clean war 
then, by a gentle movement of the fluid backwards I 
forwards, the earth will gmdually separate itself and setll 
at the bottom. The water should be constantly renewed 
until no signs of diEcolorution appear. Next let the plnnl 
be carefiilly lifted out of the cup and laid on aofl paper U 
allow of the water draining off. Here, again, great care tl 
needed, because some of the important purls are easily 
broken off and lost from their extreme minuteness, if «nj 
roughncBB or over-hasle is used ; such are the so-cnllba 
gemmaa, the calyx or vnginiile, and the anlheridia, o 
their short pellucid footstalks. 

An ordinary lens ia sufficient for the examination of tb« 
et«ms and branchlets of the Mosses ; but the conatmction sf 
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tlie leaf (eapeciaUy iu tbe IlepaliOff) can only be projieily 
seen irith a microscope whose powers ure not less tliau '2W 
(liamelera. For this purpOBe u leaf must be separated, hj 
nieana of a pair of forceps, quite close to tbe stem, or tlie 
stem itself may be divided above and below the point of 
attachment, and the whole aecticn Bubmitted to the micro- 
scope. Tlnia last ia perhaps the better arrangement, be- 
cause it often happens that the base of the leaf ia ftirnished 
with pecuJiiir cells, which are of service in discriminating 
epecies. A drop of water shauld be added to the leaf, wlion 
it ia laid on the fdide, as tbia rundera the delicate network 
of cells more pervious to light. 

I have found the following plan bring out the fomj of 
the cells of the JungermanniEe, and indeed of many of the 
Mosses, Tery clearly. First, let the leaflet be warmed to 
I'btdlition in a solution of canatic potash, rinse it in w>ft 
water, and then add a drop of a solution of chloride of zinc 
njid iodine. By this means the cell walls, after a wliile 
(though sometimesnot for hoiirB),o!aume a blae tint, nndon 
being slightly prensed nnder the covering glass, the layers 
of eellnlar tissue exhibit themselves to gT«at perfection. 

The arrangEnients, however, of tlie leaf cells may be beffl 
seen in veilical sections, made by means of a divided cork 
in the way recommended at p. I'ii). In niany caaes ti^e 
necessity for preparing these thin sections is not called for, 
while in others (aa Fisa/dens, Polytrichuni, Sphagnum, &c.) 
the true conatrnctioti of the leaf cannot be made out withniiE 
ihL-m.» 

* Thp fullowing obBemitlonB oa the le-jves of the Jungennanniat 
nre of Talu<< : — ' Tho leaves are remiirkably varied in thtir farm nod 
arr&ngpiDFnt, iind uinallj' ufibnl ext»;lleat guides in the discrimiuii- 
cion ^ one spi^oa from another. A glantie at the figures wliich 
follow will show their great variiition in this particnlar. ... In 
all easet the IpiLTea are without foatatnlks, and In each BritiBh species 
ulternale; that is, they are not armiiged in peirs at the BUme Uvul on 
IIiB Htem, but oan IB alwavs a litlJe ahove or below its neiircst neigh- 
1 bow ia its altudiment. la sotne cunei tliej nru r^ngiil in two rows 
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Ths ampUigastria ara a kiiiil of modilied 
Hepafioc, answering in some respects Co the stipulea Oj 
more perfect plants. Growing, as they do, on the lowei 
anrfiice of the stem, and being very minute, considerable 
trouble is involved in Rcnrcliing fur tliem, aa numerofl 
stems have to be esamined ; neither are they always prflr 
ssnt over the whole extent of the stem. The most likel9| 
parts are liealthy young shoots, especially those that siip^ 
port the reproductive organs. The eye, too, tJiould fe 
directed to the sitlea of the under- surface, rather ikn 
along the central nxis. Tor the purpose of examination A| 
amphigastricQ may be shaved off with a thin and vaj 
sharp penknife, or the Btem itself may be divided, t 
directed for the true leaves. The latter metliod has Ai 
advantage bf securing the Rtipide fiora injury, and of givia| 
a good insight into its mode of atliichment. 

DDoppoBite tides of the stem. In other and ftwer inatuncea theyi^ 
Httacbed to, Or grow from, all sides of the stem. It is of race ocon 
rence to llnd the leares notched nt the niiLrgiu, but this EonwtisKl 
takes place. 

The cells, of which the leaves are composed, aro roimdiBh, 4 
hpxugoiiu!, from prsasure, and Terj variahle in eiie. This also i«r; 
great asBietauce in the determination of species, . . . Tli 
of the ladder scale Moss (Alicularia sculuris), for instance, i! 
peculiar nudcuto bodies of from Iwo lo four granules in a 




each ot Uie cells (fig. 2) : thusu uf the three- toothed scula Hues (] 
giacbila trident tculuta) fig. 3, and of the «urlcd-leuvcd Bcala H 
(Jungermannia cmrifolia), fig. 4, will illustrate some of the fon 
leaf cells.' ('Sritish HrpalJCK; an Easy Guide to the Study d 
M. C. Cooke— a work which may be consnlled with sdvaDtaBe bj 
Btndent, It is crowded with figures, and its eieeedingly low p 
places it within every one's reach.) — En. 
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Tlie vaginiile, wiiich answers to a certain extent lo tlie 
citlyx of the PLanerogamia, at first encloses tbe spore-case ; 
tlie ktler, bowever, soon bursts flirough its cellular en- 
velope, and is elevated on a delicale tlireadlike stem. The 
vagiaule should be examined in its early eiate, previous to 
its losing its contents, first from the exterior ; and, when iia 
outward form ia familiar to tha observer, be should dii'ide 
it under wster into two halves longitudinally, iii owe of 
which he will see the organs of fructification in a greater 
or less degree of development, Ordinarily this division of 
the vaginule may be easily effected by means of a forceps 
in each band ; occasionally it ia of bo l^eshy a nature as to 
allow of being cut with a knife. 

For studying tlio anatomical structure of the fruit of the 
MoBE«a a capsule must be token with the &uit not yet ripe. 
Thin sections, vertical and horizontal, may be made with 
great ease. A peculiar organ is found in the cupstdes of 
nearly all the Hepaticie, called the elnter. It is a sliigle or 
double filament, spiially twisted, and enveloped in a slender 
tube : both ttibe and elater form interesting objects for the 
microscope. Of what service the elatera may be in the 
economy of the plant is not yet accurately ascertJiiafd ; 
their probable office is to disperse the spores by their elas- 
tic movement as soon as the latter are ripe, 

A still more mysterious organ found in the autheridia of 
most of the Mosses ia the spermatozoid, or anthero:toid, 
or spermatic filament ; for by all these names it is known 
am<mg botunists. It is a njinut« thread, of which the 
functions are not yet known. On being placed in water 
these spermatozoids exhibit active spontaneous motion, as 
may be seen by squeezing the contents of a ripe nutheridium 
into a drop of water on a slide, covering it with thin glass, 
and then siibniitting it to a microscope with a power of 
frtim 300 to 600 diameters. If tlie movements are too 
quick for observation, tbey may he retnrdcd by allowing a 
drop of iodide n'lution to make its way under the coruriu^ 



For tlia detLrmination of speciea tlie capsule 
encloHcd epofcb inu^-t be quite ripe, and mtist still retail; 
its operculum (or lid), and calyptra (or veil). A few 
Hpeciea (as PhaHcum) are destitute of an operculmn ; and 
in Bome (as Spliugnuni) tlie caljptra disappears long before 
the capsule reaches tnfttiirity. In nl! cases however, 
where tiiey sre present, both lid and veil drop off as soon 
as the apnres are ready for dispersion ; an office which is 
greatly assisted by a third orgim, which crowns th< 
and is known as the fringe or perislome. 

This last, which is sometimeH single and at others double^ 
is of the utmost importance in the discrimiuation of geueni{ 
BO ranch so that, in systematic wcrkg, the chnracters ottbi 
Bubsections are founded on its absence or presence; ana 
the Aploperistomi (plants with n single fringe), the Diplo- 
peristomi (those wiih a double ii-inee), and the Gymno- 
Htnnii (or such us are destitute of a fringe), form aclcuovr^ 
ledged divisions in the Muscal family. 

The peristome, moreover, from its peculiar constructioa 
and delicate colouring, makes a lovely object for the inicr(>< 
scope. A specimen is easily prepiired ; lay tiie eapsnle OB 
the thuDib-nailof the lelt hand and cut it acro^theahorte^ 
axis with a sharp knife, rather towards the summit. Thtf 
upper portion, whicli now represents a sliort tube, is nexS 
to be cut half through vertically. The fringe may Qien be 
spread out on a slide and covered with a thin glas 
vent it from again ourhng up. 

Tiie leaves may be presei-ved for fiiture observalaon hf 
laying them between two pieces of thin glass, unitisd &t tli« 
edges by aaphalte. When wanted for use Che specimen tri 
dipped into water, which entering between the glasaec 
moistens the leaf, and restores it temporarily ro ita original 
appearance. All tlie more important organs may b 
tretiled in the same way. By this arrangement mucti tim 
is tared, when it is desired to examine any particulal 
species, of which perhaps there may be but few example) 
in the herbarium, and the spocimenH themselves, preserved 
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between the sheets of paper, are saved from the wear and 
tear to which they would be subjected if constantly brought 
out for investigation. 

I am of opinion, that if the specimens were mounted in 
silicate of potash (or waterglass, as it is sometimes called), 
much future time and trouble would be saved, as the leaf 
would probably retain its feir appearance without being 
immersed in water every time it was wanted. But my 
own experience is not sufficient to justify me in recom- 
mending it to others. [I have frequently employed silicate 
of potash as a preservative medium for the leaves of 
Mosses and other objects. In some instances it has suc- 
ceeded thoroughly, the leaflets retaining their fresh appear- 
ance, and remaining unaltered. But it appears to be un- 
certain in its action, * vacuoles * and bubbles often appear- 
ing in its midst in the most unaccountable manner. For 
pleasantness in using, rapidity in drying, &c., it surpasses 
any medium with which I am acquainted. — Ed.] 
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CHAPTER XV. 

■ THE FEllSS AND fLOWERING PLANTS. 



I SAVE tliougiit it aa well to unite these two classes, i 
only on accotiut of tlie external resemblance which il 
bear to each odier (as compared with the precedi 
fiuniliea), but becauBe, apeaVing generally, the sime metht 
of preparation are apjilicable to both. Aa a rule, Feri 
especially tha commoner sorta, are far better known to 
botanic^ student, than any of the Cryptogamic orders, 
excepting the Alga. Their bright green colouring taxi dl 
graceful outline of tlicir fronds invite the attention of tb 
passer-by ; and many a beginner glories in a colleation 
dried Ferns, who has never troubled himwlf about t' 
Hpecilic or even generic difierences. These depend all 
exclusively upon the fructification, the absence 
of an indusium, the fomi of the sporc-case and its riDg, 
the shape of theaorUB or collected sporc-casea. It would 
beside the object of tills Handy-book to enter into 
subject, nevertheless the accompanying plates (xsv. 
.\xvi.) Kill assist the student in discriminating aome ol 
genera more commonly met with ; the glossy Ilortstoi _ 
{sxv, 110), and scaly Ceterach (111), iho glorioiifl fiow( 
ing Fern (xxvi. 112), and its humble rektive tbeAddei 
tongue (113). 

For amore intimate knowledge of tho structural different 
in this interesting family I must refer the reader to 
Smith's ' Ferna, Biiiiah and Foreign,' and to the works 
Newman, Moore, and other well-known Pteridologists. 

If it were necesaary lo warn the student to aecnre pcrfg 
exaniples of the more lowly organised plants — the Al| 
Fungi, Lichens, nnd Mosses— aiill more needful is it 
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repeat llie warniiif; liprc. Among the Phanerogamia, with 
very rare exctpiions, flower and fruit, leaves, stem anil 
i*oot, are fully developed; and (excluding tfie first-named) 
they are equally perfect in the Fema. Consequently every 
one of these organs ought to find a place ju the herbarium. 
Tliere is no positive reason why the stem, or the root, 
should be neglected any more thau tha fiower, or the leaf. 
And yet this iajiist the point in respect to which beginners 
make the most woful mistakes. They are satisfied ivilh 
a moiety, when they shiiuld have the whole. An her- 
baceons plant, for instance, is plucked off at some distance 
above the junction of tlie stem "with the root, sad carried 
triimiphantly home as a specimen of that particular 
species. What is theresidt? Suppose it is an Orchis which 
the t^TO has in hand. He searchea through one or the 
i.ther of the standard botanical worka, and, under the head 
of Oi'chis, he finds that the specific differences depend in 
a grenter or Jeps degree on the form of the root ; thus, 
while one important Biihdiviaion haR ' tubers undivided,' 
■ another is provided with 'palmate tubera.' Hence he is 
reduced to guess at the name of his fi-aginent, or at best 
to do his work of collecting over again — not always a 
convenient task. 

The fact is, there are peculiarities in every part of a 
plant, from the root to the inflorescence, which cannot be 
neglected with impunity. What a large number of species 
di-peud for their due identification upon the presence of 
the radical or root leaves, and which cannot be satisSic- 
torily determined, unless these are under the observer's eye ! 
The veiy names of some are based upon the fact of the 
root-leaves having a totally different form to the soiies 
which clothe its upper parts. It is well known that the 
stem-leavesof the common hare-bell are narrow and linear. 
Whence then its technical name, Campanula rotundifoUu ? 
It was given to it by the great Linnojua, who saw it in (he 
early Bunmier forcing its way tlirough the chinks of soine 
f!. Bteps in the tuiiversity of Upwil. At that season the 
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erovm of the root is encircled by round or oordnte lews 
whicli quickly decay and vanish ; hence the origin of in 
Bpecifia title. 

Here theo is » caee in point, ilhistratiDg the need of gatlia 
ing examplaa of all the leaves, radical and caulino alike. 

There are certain ikmilies also, like (lie Ifoses atu 
Brambles, in which the leavea vary much in form accordingi 
to the part of the plant on which tliey grow. SpecimenB o" 
thcRC variations must be gathered, if the Etudent hopea t 
have at all 3 Hatis&ctory coUeclion. 

Where the plants are either moncecioua or dlfecions, il 
stands to reawn that both the seices must be secured] 
whether found on separate individuals, or on difiiireiit 
parts of the same plant. 

The Iructification plays a moat important part amoi^ 
both generic aod specitic characteristica. What, for inetanOC 
IE the value of a flower, taken alone, among the Crucifeir 
and Umhellifers? Almost niY! It is to the fruit that w 
have to look to bring order out of chaos, and settle i 
limits oP genera. In a modified degree tJie same may b 
said of other families. 

As many species flower through a large part of t 
year, there is seldom any difficulty in securing with t 
flower tlie ha If- developed fruit, which should be not 
down and again visited at a later period, when the see 
vessel ifl mature. The Crucifewe, except in their earlii 
stage, are tolerably certain to supply the collector with ' 
flowers and iVuit — the latter in a more or leaa advanced 
lUtioQ — the ripest at the base of the stem, and so pa 
through every stage up to the barely opened corolla. 

Another group of plants, which has to be carefiiltj^ 
watched, ore those trees and shrubs in which the flowen 
are produced on naked branches, the leaves not appeaxinj 
until some time after the flowers ihemselves have widtei 
nway. Of course, in such instances, flower and leaf mi 
be gathered on different occasions. Only let the collecl 
be carefiil to take the latter from the sami! specimen, &( 
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which he has already gathered the flowfr. Tl 
foreB-ght must be extended lo the fruit. The latter, indeed, 
b ncjt indiapenaahle, though certainly desirable ; for the 
i-eader may easily picture to himself what confusion and 
errors may possibly arise, where there is no ceituinty of 
the examples, whidi lie together in the herbarium, ha\itig 
been the produce of the same plant. 

The above remarks refer with tenfold force to the 
Willows, which seem to have a peculiar fiicility for hybri- 
dising ) and, therefore, the greatest care should he ^ken 
to isolate every specimen, and if possible to have it in onu's 
power to identify the very tree from which each was laken. 

The Ferns are no exception to the rule, which demands 
that the plant should be seen in its iate^p-ity when dried. 
The crown and root must alwavB, if possible, be secured as 
well as the Irond ; and of the latter, those which have no 
JTuit on them must not on that account be passed by, as 
the two kinds often exhibit wide differences in form, and 
mark the dmraete]' of the plant. More than ona species of 
the remarkable genus, Equisetum, is furnished with both 
sterile and fertile fronds; both of which must of course be 
gathered and laid side by side in the herbarium. In the 
cose of the common Equisetum. arvense, the succulent, 
fawn- coloured, fruit-bearing Btem rises upright fi'oni tlie 
soil weeks before the hjish green procumbent frond 
spreads itself over the ground. In others again the feriiJe 
shaft is entirely unhranched, while the sterile sterna are 
enriched by frequent whorla of elegant pendant hraachps. 
Tbe two sorts of frond may be easily recognised ; while 
the barren stem tapers gi-ndually to a point, the fertile is 
fumislied with a stout clavate head, which is in feet the 
receptacle, and contains the spores in a uumber of separale 
aporangia, These spores are themselves very intcrestitig 
objects ; each ia furnished with four filamentous processes, 
known as elnters, though very imlike the elatera which are 
mingled with the spores in the capsides of the Hepaticc 
They are extremely sensilive to the influence of moisture, 
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and, if breatheil upon wliile under the iiiicroscopp, will 
netn to curl and uncurl tLemseives, enfolding tlie spore 
CAuging it to dart un one siila. 

The collector ia well prepared for a botanical expedi 
when he has furnished himaeif with a common gardeno:^ 
trowel, a strong knife (if provided with a Raw bo much 
better], and a tin vasculum, the latter largi 
according to the probable duration of his trip, tie time 
year, the plants likely to be met witli, &c.* 

If, on returning home, the Howera have closed tl 
petals, as frequently happens, it is only necesaniy to 
the TootR in a basin of water, until die corollas have aj 
opened, when the roots may be roughly dried, and 
preservation of the plant jffoceeded with. Should they 
\vet from dew or iiiin, when gathered, they must be I 
by until every trace of luoiiture lias disappeared ; otli) 

* A very useful inetrnmeiit vaa brought midor nw nolice, n 
years ago, by that eminent botBnbt, Philip Barker Webb, Thi 
conipanjing figure eihiblts its general form. The total length 
15 iDiiheB, of which (h« handlu occupies rather mere 
Ihan one-third. Tho bhide (whi>^h is iriangular in BJijpe ''B- "V 
each side of the tiinngle mejisariug seTeu-eightha of on 
idi^h where it jninB the handle) is brought t« ail olittlBe 
point. About midiraj hetveen the two extremities, ur, 
niore ootrfctlT speaking, some 4^ inches below Che 
handle, it begins to miike a gentle enrve, the lower end 
being flbonl one inch out of the trno line. One of ihe 
nngles forms the hack of the eurrK. For conrenienee of 
carriage it Hhonlil be fltud into a Blout Icutlier case. 
This instrument, which was Mr. Webb's invariHble eoro- 
paniun in his nnmerouB Alpina eicur^ous, is of great 
vske for forcing plants from Iptwoen the tUaureB of 
wcks, massive trtie root", &c. ; in a word, from pIiKes 
where the broad Bnrface of a tmwel cannot be tiisrrCed, 
or would probably l>e broken, if it could be got in ut all. 
It is also useful fur eilmcling tap routs wilhouL injury from dl 
or nny other hard dry soil 

If miwle of good material, it will Inst a lifetime. Hy oii-n haa t 
> good deal of rough service. h<7t is pniclically in us good condtl 
as when it wh< made twenty yeun ai^. — Zd, 
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wise mould oiid mildew will speedily develop tLemaelves, 
or at any rate the corollas 'will lose their blight tints, and 
the leaves become iipotted and black. 

As most of OUT readers mut^t be aware, all these plants are 
prepared for the herbarium, by being laid between bheets 
ot' paper and placed under pressure. The choice of paper 
for this purpoi?e is by no means a matter of indifference, as 
the beauty of the spccimeus and their ultimate prEsen-a- 
tion depend in a great measure on tlie speedy and thorough 
extraction of the fluids contained in their tissiiea.* Blotting 
jMiper is an excellent material ; but the quantity required 
when the gatherings are on a large scale prevents it from 
being ordinarily employed. On the whole, common print- 
ing paper may be recommended with safety ; and the cheap- 
ness and abundance of newspapers in the present d:iy makes 
it easily attainable in large quantjtjes. 

Proof, however, should be made of its powers of absorp- 
tion before being used ; ibr some of the newspapers are 
prepared in such a manner as to preveat them from im- 
bibing water freely. 

One special point to be kept ia view is, not to be sparing 
of the drying material, but to have so much at hand that 
frequent changes may be made. This ia of the last im- 
portance, as a false economy is ruinous here. 

In order to dry the slieets when they are removed from 
the press, they must be spread out in such a manner as to 
expose the largest possible surface to the air. But as this 
occupies more space than most botanists can spare, the 
following plan will be found of service : it ia quite as 
effectual, and the eye is not offended with the sight of 
numberless papers lying in disorder about tlie floor of a 

■ As excellent piper in appearaQce (I have not jet h&d Ibe oppor- 
tonitj of trying it), ia nmaufsctured eipreasly for botaokal pur- 
poses by E. Newman, DeronshiTe Street, BJBQopBgBte, N.E. ; and 
ia also sold by Mr. J. Smith. 42. Rathbone Plaice, Oxford Street. 
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lootn. Four or five alieeta having been laid on one another, 
n thread is pasned through ihem on the folded »de, Eomi 
two inches ii*om tlie border ; and then the tiro onds of tbi 
thread are tied tt^ether bo hm to leare a loop siiffidend' 
l:irge to admit of a longiah rod or stick b^ng passed tliroug! 
it. In thi» wny jiacltet after packet of damp pnper i 
looaely fastened on the stick, and the lattpr ia siispende 
horiiontally in any convenient place, where the] 
current of air — between the raileiB of an ont-hoiiae— 
two chairs near a large fire — or, weathtr perraitHiig', i 
open flir, where it will catcli the rays of Che sun, J 
rods fitted up aS\sr this plan will allow of a 
numher of aheets being dried at the same time. From th 
]'K)»e papers li^Ting both their EiideE acted on by tb 
dmughr, thsy give up tlieir moisture more quickly than i 
liiid on tlie ground, and are not liable to be blown about b 
pruata of wind. The bu.'dnesa of sewing the pnper togethc 
is confflderably light^neil, if the end of a liall of tihread i 
drawn, by means of a packing needle, through a groM 
nmnber of ahreta at once, tlie thread being aitenrardl 
divided in lengths Biiilicient to bind up the packets i 
previously described. Thin saves the lime, wliicb wo 
otherwise hr wasted if the thread were cut into tlie requi 

[ lengths bePire being passed through the packota. 

I As SDOD as the pknts are freed from the moisture g 
their surface, nnd tlie paper bae been distributed into o 
Tenient parcele of five or six aheeta, fte procesa o 
may be proceeded with by making altomale 1 
packets and specimeus until a beiglit of some twc 
been reached. Next let the whole pile be placed betwi 
two emooih boards of the same size as the paper, 
weighted with bricks, as previously recommended. O 
attention must be paid to the degree of presHure laid a 
if it be too severe the specimena will be sqiierzed out o" 
5bftpe, whereas, if too light, the leaves, petals, and otil 
tfinder pRrts will be shrivelled nnd wrinkled. Jt is a po' 
on which experience and common sense must be brought 
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liear, and they will be found safer guides tliaii volumeB ol' 
advice aud description. 

In arranging tlio spucimon on the lirjing paper, the 
nppenranca it had wheu living' is tJie JirHt thing to be 
thought of; indeed, the main object in submilting it to a 
jiretia at all, is that it may retain its form permnncutiy. 
Before aE things, therefore, care must be taken cot to do 
violence to the plant, or force any of its niembors into 
iweitions which they could not pasaibly have lield in their 
Jiving state ; otherwise on ill-shapen, distorted object^ 
which can never be restored to anything like ita original 
form, will be ihe inevitable result. For the same reason 
no leaf or twig must be removed for the mere Bake of pro- 
ducing ^mtnetry, or to indulge a false taste. The one 
grand point ro be kept in view — 1 cannot impress it too 
strongly on the young student — to which everything else 
must be made to yield, is the pi'eseiTation of the natural 
habit of the plant. If that is loxt mght of, his herbarium 
may form a pretty object in tlie eyeaof superficial nbservers, 
but it can never be a collection of plants by which seience 
will be promoted, or u knowlei!ge of botiiny advanced. 

Of course ihere are times — and that not rarely — when it 
i^ actually neceftsary to curtiiil certain portions of a plant, 
ill order that it may be prepared satisfactorily. lyCave^, 
for instance, are constantly in the wuy, and must be 
removed to prevent them from concealing flower or fruit, 
or ftom being squeezed irregularly against the Bt*?m. 

Wlienever, tlien, amputation is imavoidable, let it be 
performed in such a manner that ihere may Ije no mistake 
about it — that, in a word, anyone may see at a glance 
lliat leaves, twigs, &c. reoUy have been removed. To this 
(nd let the leaf, supponng a leaf to interfere with the due 
disposition of a flower, be cut off, not quite down at ita 
junction with the atom, bitt a short diRtiince up, m a> Cu 
leave a good portion of the petiole adherent to the pltint ; 
and BO of a twig, or a flower-head, or any other part, that 
must ineviinbly be sacrificed. But nrnpulation hnd much 
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letter not take place at all, if it be possible to do with- 

ShouJd the Hpeciruen be too large to be contiuned wilLin 
the compaea of a sheet of paper, the stem roust be cot 
half through at a cfAiTenient spot, and bent over, but at a 
I't^Ittin angle, so that as Uttle aa pos^ble of the upper \ay(x 
bIiiiII press on the lower. Where the specimen is so long, 
that it is impossible to bend it so as to prevent its project- 
ing beyond the paper, there is no help for it but to divide 
it into short lengths, care being taken to mark each part, 
Ml that their true connection maj be seen at once. ThtX 
can be easily managed by simply varying the sliupe of the 
cut : let the two corresponding sectionB he rounded, notched, 
truncated, &c., and no mistake can arise. But 1 repeat, let 
all amputation be avoided as long as pos-iible. 

As fitr as circiunatancea will permit, the different n 
hers of the specimen, I mean the leaves, elem, flowers 
and BO on, must not be permitted to He directly o 
other ; for, if they do, they are almoat certain to cling U 
gethsT and to become diacoloured. Where it is irapeseil^ 
to avoid thia, pieces of paper muat be interposed ; an] 
kind of paper will BufHce lor the leaves, stalks, and lea 
delicate parts, but for the petals only tissue, or thin i 
paper, should be used : indeed, the employment of the latta 
during the whole course of preparation, in addition to the n 
gular drying material, tends greatly lo preserve their coloint 

Care muat be taken, when arranging the order of thi 
specimens one over the other, not to lay a thick wood] 
plant next in succession to a thin slender specimen, aa tl 
latter will bear the impress of its stouter neighbour biW 
to its detriment. Should it be found impoaidble to eacap 
such an arrangement, the only remedy is to lay, not a aing' 
[jacket of paper aa usual, but sevcnJ packets between ti 
two Bpecimena — to heap tliem up, in Ikct, untQ tlie han 

en paased roughly over, fails to detect the proUtbeni 
I stem beneath. 

The young botanist, in the course of his 
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g plaata, belongiDg principally to 
the frtuiily Craaaulaceie, such as SedumH and Semper viruma, 
which are ho sticculent nnd ho tenaciouB of life, that they 
continue to grow after they have been laid between lie 
sheets of drying paper. These require a special treatment 
of their own in order to destroy their vilahty before any 
attempt is made to preserve them for the herbariuin. To 
this end they are to be placed Isetween two or three sheets 
of paper, the inflorescence alone projecting beyond it, and 
a hut iron is tJien paused over them. Two special pre- 
cautions must be taken during the operation ; one, tliat 
the itowers are not eingcd— the other, that the papers are 
changed uiore than once, as the plants being always of a 
succulent nature, a iaiga amount of water is discharged by 

There are some plants the aurfiwe of which is contL'd 
with a ghitinouB matter, which caunes them to cling to the 
paper, eapecially when under prt-asure : indeed, some of the 
foreign SeniperviTa combine both tlicse unpleasant con- 
lingencies, exti'aordinary vitality and extreme viaciJity. To 
obviate the latter, the best plan is to sprinkle the specimen 
with the spores of Lycopodium clavatum — to be procured at 
most chemists under the name of ' Lycopodium.' The spores 
can be shaken off as soon as the plants are thoroughly dry. 

Delicate water plants are oflen dililicult to deal with, aa 
their long trailing leaves and stems are apt to get hopelessly 
interwoven at tjie moment they are taken out of their 
native element, and it is an almost inipo!<aible task to 
separate them after Ihey are dried. Such plants must be 
treated in the same way as was recommended in the case 
iif the filamentous Algs, viz. passing under them, while 
still in water, the paper, on which thoy are to lie- 
There are certain terrestrial plants, aiso of a fragile 
jierishable nature, which must be laid at once between 
pieces of blotting-paper nnd not again disturbed until the 
whole process of preparation is concluded. 
^he packets of paper, between which the Hpccimeni are 
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fii'Rt laid, abaorh their moistiire so rapidly as to rcquii 
frequent reneiving. The ofteuer this can be done during 
the lirst few days the butter : indeed, the Btadent shoald' 
hear in mind, tliat whatever trouble ho gives himself ini 
this respect will l>e amply rewarded by the beauty and 
d<u-ubility of his specimens; whereas a negleut of this 
precaution will as surely meet with its penalty in thdi 
diRcoluratioD and ultimate deetruction by mildew and tbu 
raTngea of inseoW. 

The changing of the paper niay be accomplished ii 
following manner : — Let the bundle of plants be laid 
twble, and, on the operator's left hand, a pile of freah dry 
packets. Now let the topmost layer be lifwd off the plantti, 
ft Ijliuit needle being brought into play whej'e any part of 
tiic latter ie found to adhere. On the specimen thus ex- 
poBpJ, let a packet of dry paper be laid ; then let both 
it and the pntket on which the plant lies be slowly raised 
lip, the same ]recautioD3 being taken with regard to uiy 
itdherenC part'* of the next underlying plant. The two 
jiflGketa, with the intermediate specimen, being now turned 
iivnr, the dry one will of course be the lowest. The dauip 
puper must next be taken off and replaced by a fresh packet. 
PiiiCfedtng in lliis niiinner a large pile may gradually bft 
rcnuwed by simply laying a dry packet on each plant sue- 
cessively, and turning it over on to the one which preceded. 
it ; and thus the whole work may be accomplished without 
injnry or distiirbsneo to the tendereBt or most delicatn speci- 
men. Last of all, (he pile is covered with a linal packet^ 
and again submitted to the press. I need scarcely add thai, 
where the stoutness of a plant calls for it, several packets ol 
paper shotilil 1>e inter^Kised, us was directed to be done in 
the £rst iiiilance. 

During the fii'st week tlie plants must be shifted daily, 
the succulent oues even ofteuer. After that, if they appear 
lobe going on well, the changes may be u adeleaslrequently; 
at ihc same time Uie operator must be very careful not U> 
remove the wotghCa too quickly, or the consequences will bo 

ULOat dinaa'XOU:*. 
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There is one point on which it is very difRcult to give 
advice^I mean the ascertaining, with anything like ac- 
curacy, the degree of dryness to which the specimens have 
attained. Here each one must be left very much to hiu 
own sagacity, because, aiter the superficial moisture has been 
absorbed, and the plant has become more or less stiffened, 
the mere passing the hand over it will seldom betray the 
presence of damp. The besfr plan with which I am ao- 
<|uunted, is to lay the specimen against the cheek; if it 
imparts a sensation of coldness, it may be inferred that 
there is atill a good deal of damp to be got rid of. At any 
rate, it is always better to ' err on the safe side ' by leaving 
the pile of plants longer under the press than their actual 
condition may seem to warrant or to call for. 

I will lay before the reader another method of preparation, 
which is recommended by many experienced botanists. It 
consists in lajdng each specimen between a sheet of very 
thin blotting-paper before placing it on the regular drying- 
pnper, The specimen in to be arraDged in the usual 
manner on the open sheet, the upper half of which is then 
carefully folded over, and a packet of drying-paper laid on, 
proceeding in the Bame way with each specimen. When it 
ia requisite to change the packets, the damp one is re- 
moved, and the thin envelope to the plant is simply lifted up 
(without opening it, or in any way disturbing its contents) 
and laid upon a fresh packet of drying material. 

It is true that many good botanists are opposed to this 
plan : they think that the moisture retained in the thin 
sheet at each renewal is likely to cause permanent injury, 
and that it is scarcely counterbalanced by the facility 
which it gives of lifting the specimen without distnrbance. 
But in point of fact the blotting-paper retains a mere trifle 
of moisture, which it quickly imparts to the new packet, 
and, with ordinary care, very beautiful residts may be 
obtained. I am acquainted with a person who prepares 
thouBaads of examples yearly for a society of natiiralixta ; 
nothing can exceed the beou^ or the durability of his pre- 
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piimtions, and yet ever}' one of tbem \b dried in the laannep 
1 have just been describing. The truth is, that evei-y roods 
of prepwauoQ depends greatly upon the foreught, tLa 
putlcnce, and the handineaa of tbs operator; and im^iatienti 
unskilful workers will make u failure with evtu the beat u 
jiieans at their command. 

Ad Arrangement advocated hy Aucrswald liaa much t 
recommend it. I cannot speak of it from mj own experience^ 
but I fuel bound to mention it for Ihe benelit of those who 
iiiaki? long botanical excursions, and collect large quauliliM 
dl' plants, as it is likely to eave them bolli time and tabour> 
In the ordinary meiliod of drying, where the shee 
placed between two boards, the upper and lower sides iiofr 
lieing exposed to a current of air, tlie moisture can escape 
only through the opea edges of tlie paper. The conse^ 
Huenoe is, that a large quantity of paper is WHUttd, and 
a good deal of time is consumed in the preparation. 
Aiicrawald's object is to economise both these important, 
requisites — time and material ; and he aeconiplishes it in 
this manner : — Instead of two solid boarJa he provide* 
himself with a couple of iron frames of a ^ze to cuit thS' 
puper; they should be light and thin, but at the same tiuA 
strong enough to allow of being sti'apped lightly togclher' 
without bending : wire netting hs strotclied across them, Bail.' 
on each of their longer sides two loops are fasteued for the 
leather sti'aps to pass through. In the middle of o 
the shorter sides a ring is attached for the conrenieii 
carrying the parcel, or in order to suspend it in the opeit! 
air and sunshine. 

Now, ns the moisture contained in the plants can readily 
escape on every side, it stands to reason that the work ia 
done much more quickly, and the traveller is saved bodi 
the time consumed in shifting his plants, and also the heavy 
load, which he must otherwise carry about with him> 
LPoubtlesB many aucculeaC plants will not come out bo well 
Eunder these circu Distances as they would with the con' 



vanicf.oes and aiipliiinces broiigiit to liear on thfm ill the 
Ijotnniat's own rteidoitce; bu>, <in the oilier liaod, it mimt 
be remecnbered that they would snffer greatly, perhaps us 
much, from being tranaportftd ibi' a week or ten days in a 
vasciiluti), before thpy were preaseJ. 

Two acts of frames with a proper sujiply of paper will bo 
found Bufficient; and, as aoon as the planfH are partially 
dried, wliich, with most of them, takes place within twentj-- 
Ibnr boura, they may be transferred froui the first to the 
second set. When the preparation ia complete, tliey may 
be laid one upon the other for the couvmieiice of carriage, 
without fear of nny permanent injury being done to them. 

To return to the more usual methods of prepiiratioii. 
S[>ecimena collected on different occaaions ought not, if 
possible, to be pliiced under pressure in the same pile ; 
liecause the last and fTesheet are Bure toimpartscime of their 
luoiatnre to ibe others, which are already more or less dried, 
and are very likely to spoil them in consequence. If the 
piling them togelber is unaToidabJe, then th^y niUSt be 
separated by thin boards, so as Ui prevent the damp from 
the plants more recently obtained being eonimuni Kited to 
■hose which have already perhaps beeu lifted two or three 
times. For a like reason very succulent plants should not 
be put up with those of a less sappy nature ; beaidei^ the 
former rei]iiire to be more frequently shifted than tl^eir 
drier neighbouiT ; and to place them together would ciuwj 
unnecessary disturbance to the latter. 

[Through the kindness of a. IHend, I have lately been 
made acquainbd with a process of drying, which, if wo may 
judge from the very beautiful results obtained, leaves no- 
thing lo be desired. It consists in plueiog the specimen, 
KMin after it is gathered, in a tfill narrow vessel, and thin 
pouring over it very gently a sufEcient quantity of clean 
dry sand, to cover it entirely. In this state it is left undis- 
turbed (unless, aa Hamaiimcu happens, the drying material 
hiia to be renewed) until tlie moisture emanntifg from the 
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-ssnciaL at lae Jowceniff ?ubsel die fisilB of tiiis little 
mTC ;ftllii:w «* m^r i iM i i iiii into it, nor would it 

^A: lae 9a» "snat I oifer b> apofegr fcr oondudiiig this 
.AauQ ei : wic^ la^ xxLcwioe aaJul j a cifigcj l J ODs from the late 
Dtr. limtriqr'? exscuent * I^ciiui^itiTe Botanj.' 

* Thit acnvfrt ^^izLd s^kc 6r exaonimtion as perfect a 
^ceeniDRt ^ Wcaa oqckzx^ afad sboold car^bDT stiidj erery 
part. ... Is &XK tibs be ^ossi on do aoooont gae^ 
boE bp eenaa oat ke sres correcdr, what is before him. 
T^2$ is 3ICC 'i^fc ■ >• ia dte caae of rooCs^ sCuns, lesTes^ and 
?^«r pKts : fa«s die fti>wer, fnmt its geiiend smallnesB and 
^cQUfwint CBBipfirted scnxsiire. demands a little skill in 
«Es«cCH». w^idh is only to be gained bj experience. 

* Ailer ic? exteraa! gtru c mr e has been determined, it is 
^KOcssarx » oc«i ?he A>wer. Mere looking down into its 
iTiibe cr intmcsr levis to nothing but error. The student 
5t:cul>i bold it in Lis left hand, and split it longitudinally by 
a rapid etxl &om below upwards. This lays bare the whole 
c-t' the interior, ^cws the number and position of their 
par:& and th^ insoticn. which is very important. If he 
attianpts to diride a flower by cutting it from above down- 
wards, he only crudes and disfigures his specimen. In the 
case of the oTary it is usually necessary to ascertain its 
placentation. which, if it is not seen in the first longitudinal 
{iection, can be best determined by making a transverse 
section. ... In examining seeds of any kind, where dis- 
section is required, cut into them perpendicularly, be^nning 
at the hilum, and passing the knife through the axis : in 
this way the embryo and its relation to other parts usually 
l^ecomes distinctly visible. Failing this, the observer must 
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have recourse to crushing or careful skinning and unrolling. 
. . . When parts are shrivelled or dried up, as is always 
the case in herbaria, they must be relaxed by immersion 
in boiling water. 

' In all cases where dried flowers are to be dissected, the 
air should be driven out by boiling for a short time, before 
any attempt is made to separate their parts.' — ^Ed.] 
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CHAPTER XVI. 

OF THE HERBARIUM. 

The OBJtCT which the collector has in view (or at least 
phould have in view) is, not the mei*e gathering together of 
a great number of diflPerent plants, but the acquisition of 
material, wherewith he hopes to enlarge the bounds of his 
own knowledge, and, so far as lies in his power, to advance 
tlie interests of science. For thi.s purpose he arranges liis 
examples in a certain definite order, grouping them together 
in the manner that seems most consonant to the system of 
nature ; in one word, he forms an Herbarium. 

Sim})le as this process may appear to the novice, it will 
not I trust, bo superfluous to offer a few words on the 
subject, pointing out certain fixed principles, which sliould 
guide tlie student in the arrangement of an herbarium 
intended to be scientifically useful : to these shall be added 
some suggestions to aid him in its preservation. For the 
licst arranged and most admirably got- up collection is 
certain to fall before the assaults of its numerous enemies, 
if not properly looked afVer. 

As my readers are by tliis time well aware, tlie first step 
towards the preservation of a dried specimen is to place it 
between a sheet of paper; and this applies to plants of 
every known order witli the exception of a few, which are 
either too large (like the Laminariae), or which cling too 
tenaciously (as many Lichens do) to a stone or some other 
rough object, to be removed. 

Provided that the specimens are laid upon clean white 
paper, the choice of the wrapper may be left very much to 
the fancy of the student ; it sliould not be very tliick, 
otherwise the fascicles will take up too much room ; and 
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it Bhould be unifortti in frize and appearance. The kind 
that I have alwitys used is a. stout light btown malerial, 
much employed in packing ; it meaanrea eeTenteen iiiohea 
by twelve ; the white paper on which the apecimena lie, 
meaaures fiitetn inches by nine. This is quite the larj^usC 
aize I would recommend ; anything wider or longer tlian 
thia becomes cumhersome and ttifiicult to manipulate ; in 
fact, a size smaller would probably be quite as efficient. 
In any case, whatever form or eize ia adopted, let not the 
student, from any motives of economy, employ too cheap a 
wrapper : above all, let him avoid the thin gray and blue 
aorlB, BO much used on the Continent, and frequently 
imported in t<3 England with foreign herbaria. (In Germany 
it ia known as ' Flieaapapier.') The inntunerable hollows 
nrimiig from the inequalities ol^ surface in cheap papers 
invite colonies of inaecta to take np their abode ; while, 
from their rough uneven nature, it is impossible to eject the 
' voracious crew ' from their head- quarters, when once they 
have eatabliabed themselvea. Another objection to a too 
fliraay wrapper is its great flexibility, and the consequent 
injuiy hkely to accrue to the enclosed specimen, every time 
it is handled. 

We will now suppoae the plaota to be laid, each species 
by itself, on their half sheets of wliite paper, and these 
again slipped within the fold of their wrappers, the opening 
of the wrapper looking to the left hand. If the examples 
of any given species are numerous, representing varieties, 
abnormal forms, or growths fium different localities, they 
must be laid on separate white sheets, but enclosed in a 
single wrapper. In all oaaes, however, the wrapper must be 
confined to one sjieciea, or section of a species, if, as is often 
the case, the latter is anbdivided. This last suggestion 
must be carefully attended to; otherwise the arrangement 
of the herbarium will be constaally interfered with ; besides, 
there ia a great danger of tlie tickets being transposed from 
one species to another, whenever the wrapper is opened for 



the purpoee at e.xaminiiig ita contenta, wliicli might ci 
indescribable confusion. 

Dried specimens of the Phanerogamia and Fema may b 
kid on their separate papers at once without any furtherv 
manipulation, with the exception of the smaller and a 
fragile species, which should be previously fastened on 
piece of paper by means of adhedve fllipa, passed across the I 
stem, &c. HoBHea and Hepaticce may be fixed to t]ie paper 1 
by touching a portion of the toft here and there with gum, I 
not by smearing the whole under-surface, as begini 
apt to do.* Some, at least, of the Mosses should be pre-j 
served in paper bags, as the fragUe organs of fructificatioi; 
ihe calyptra and operculum particularly, are very apt to b 
rubbed off and lost, irom tlieir unavoidable coDiaion witi 
the surface of the wrapper, whenever it is moved. 
regards the Lichens, which are generally attached to b 
rough surface, such as a piece of rock or wood, the etuileut I 

• I must eonfeae mjaelf altngother opposed to filing the specin: 
at alt, except in rare lastanceB, vlicie in fact iC is Tmaraidablc, m 
wiih most of thflAlg^ Of course eomethlng must bedooe to sect 
tlie nafet; of the enmller pLints. or thfy will be constantly tbalt 
ODt of tbeir plscea, broken, and IubL I preftr to fold in 
. papeF the yer; miunte BiBoipleB — as, tar iuBtBDCe, m&n; 
Hymenophi'llaceonB Fernl, or the tiny MyosnmB niiDimua — giiinniin| 
tbe lower surface of the packet to the half ehect of white paper. I 
iMs way tbrvo or four may bp placed on a singlo liulf-sheet, withoB 
any danger of their rubbing seainEt each other. Tlie author binMq 
Buppliea UB witji an argument in tavonr of this modo of ptoi^et^^ 
in the vpcy neit sent''ncB to that which has givBn riae to this not*, 
Leas minute specimens — such aa the delicate inaEBeB cf Ihe Hqnstif:v 
Rannncnlacea — may be kept in tJieir place by pnaning i ' ' " ' 
broad band of paper, not too tightly, across the whoTe- 
beinR adhesive at Uio two Bitremitiep only. Tlie apodme 
be alipped in and out of its guard with the gFEstest eaac 
quired for examination. My reason for recamjnending this plan i 
that the Bmaller the plant and the more minute iti> structure 
more need ia there to bavo it in one's power to oxumiDO it bj ti 
mitted. as well as bv reflivtM, light ; aad how is the funaer t 
swompliahed, if the apeuiinen is pcnnlilienlly glued to 
object f— Eu. 
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tiiust, first of all, dejide wlieilur the pi-oi^miition m Buf- 
ticiently thin and flat to be laid between the sheets of the 
herbannrn, or whether it must be kept in a separate 
cabinet, hke a Bpecimen of mineraln^. 

A large number, tliose whicli IiaTe a criistacetius tliallus, 
and others wiiich are not attached to their support by their 
whole circumfereuoe, may be diepoaed of in the first 
mentioned way ; care being taken that the stone or wooii 
lie made as thin ns ia cumpatiblc wiib the safe keeping of 
the epiphyte : to prevent any undue presaure between 
neighbours, (Jiey aliotdd be placed by the ade of, not 
exactly over, each other. Certain, however, of the gymno- 
carpoua aection (hke Calycium and Coniocybe), whicL are 
characterised by stalked apothecia, wotjd bo Hpoiled, if 
their safety was not better cared for. These sliould be 
doposittd in chip or pasteboard boxes wlih covora, or they 
may be festened on cardboard, with 8tri]ia of wood, gummed 
on tach side, of sufficient thickness to keep the specimen 
from being rnbbod : a piece of cardboard iiiid on tli" 
wooden strips will still further ensure its integrity ; it may 
then be laid between tlie pngea of a wrapper, as nsnal.' 

In very large collections coarse solid objects, tnich as 
stones, which have been encrusted by Lichens, should be 
])ut away in drawers and boxes, apart from the herbarium. 
At the same time, as their absence necessarily causes a 
^p in &e Bystematic arrangement of tlie specimens, it is 
well to deposit in the place, which shonld have been 
occupitd by the Lichen, an empty sheet of the wrapping 
]utper with a label, which bears on its iiice the name <•( 
the missing sjieciea, and the nninbei', with which it is 
ticketed in the drawer. 

The same mode of proceediiig may be adopted with 

• Ml adhraiva maljTialB, hb gnm, Sic. should lie Bret poigonod hy 
an tnfnsion of OOTfOaive sublimBta; or n mniiU quantity of Borne 
esitnlial oil bIiouU bs nii»ed with Ibem. This prerpnta thp tTowlb 
ritFnnff, ani] Ibe attacks of insMts — Ka. 



F 

W those Fungi aad Algto whicd canngt be preserved 

I lierbaiium, on account (>f tlieir sue nnd rougliaesi 

J croscopio Fungi, on the otber liand, growing on leave^ 

^^^■^ twigs, &c., should be (listened dtiwn by adhi ' '' 

■ i 
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[but in such a ifay as to allow of their being talieii 
and replaced, En.,] all superfluous wood havii^ first bee 
removed, so as to render the specimen as thiu and flat k 
poBaible. Sections of the pileua, hymeniura, &c., 
be similarly treated, and put away iu the herbarium. 

Finally, as regards the AlgiG, the origiDfJ conditions 
their preparation, aa the reader will remember, necessitals 
the application of paper, before they were removed froi 
the water ; to this support they geaeiaUy cling with th 
greatest tenacity, scarcely rising above the aurfcoe — indce 
TCry often having all the appearanoe of a delicate painting 

The precautions requisite for the preservation of ibi 
Diatoms and Desmids liave been ah-endy fully desciibej 

the chapters devoted to those subjects. 

Every plant should have a label attache< 
in inscribed its nume and uei'tain otlidi' notices, wliid 
should n 



1, The name of tie family, geiuis, species, and t 
in the Latin language. The Latin tongue (interlards 
with GreL'k) has been li.ved upon, by common consent, a 
the medium of communication in the scientific world, oi 
at least, over the wide domains occupied by the kingdon 
of botany nnd zoology. By this means uniformity < 
nomenclature and accuracy of description are to a lai] 
extent obtained : more so, at any rate, than when the tit) 
are giveu in either of the living languages ; for these & 
of merely local value, are without meaning t 
and often incomprehonaible beyond the narrow 
district. 

2. The name of the attthor, that i?, of the pernon wh 
first gave the species the donominalion, by which it lii 
since been recognised. It is written in an abbrevUtai 
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form immediately after tte eecond name of the plant : 
thus, ' SoncliiiB arvensia, Linn.' (for Limireas), 'Lastrea 
criatata, Pr.' (Preal), ' Sjnedra aciculaiia, W. Sfn.' 
(WiiUam Smith). 

This addition of the author's name ehould never be 
omitted, because the eame plant is often publiahod under 
different names ; and, aa often, widely different planla are 
described under the Bame name. We have an instance in 
one of the examples given above : ' Synedva acioulariH, 
W. Sm.,' is a diatoniaccous species found in bracltish 
water, to which the name of Synedra licvia has been given 
by Kiitzlng, while, to make confusion worde confounded, 
this last author's Synedra aoicularis is a fresh water 
Bpeoiea, which Smith cbIIb ' NitxHiliia (icicularis ; ' ao that 
it is not only not identical with tlie firat^named Synadr.i 
acicularis, but actuaily is a separate genus I If then, in 
MUch a cane as this, the rttudeuC simply gave tlie name of 
tlie plant without tbat of the author, no one would know 
which Synedra aciculaj-is was intended, that of Smith or 
of KUtiung. Examples of this kind might be niultijilied 
indefinitely. 

To the name of the autlxir should nlno be added, il 
possible, the title of the work in which the species was 
til's! described, with a reference to the volume, page. 



the whole to be enclosed 
words to be abbreviated. 

3. A list of the synonj' 
tinea; that is to say, the i 
the specimen by authors of reputt 
by which it is generally ki 



brackets. All the longer 



, at least, the move recent 

which have been given to 

addition to the one 

and accepted. These 



3 place between brackets, immediately under 
the ehtabliahed name, together with the work in wliich the 
i^uonym was first made knoivn to the world.* 

" .So liuge has tliff cntiiipgiip of synonjma become, that in many 
iDftances it would be simply impiiBsible to r<^iioiint ihem without 
uvcrateppine rlie limits of aiiv ordiu.irj laliel ! The common Cjsto- 
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-L The localicj wbere the plant was growing when it 
was gathered; in other words^ the name of the mountain^ 
marshy town. Tillage, &c., on or near which it floniished. 
Any inibrmati<xi of this nature is of the greatest benefit to 
later botanists^ e^jeciallj in the case of rare kinds. [Great 
Britain is so restricted in extent, and so well hunted over 
hj botanists^ that it is sometimes actoallj necessary, ii' 
a new acquLdtion to oar Flora is to retain its place, to 
conceal its IcMaditr from the ejes of those, who are bota- 
nbts in name^ bat exterminators in &cL These, however, 
are exceptions ; and cm. the Continent, with its Tastly larger 
snr&ce^ and greater distances to traTel over, it is of 
benefit instead of injurr, to disclose the whereabouts of 
any given species. — ^Ed.] Thus Ordiotrichum rogeri, Br., 
has been gathered en the Jura Alps, but has never been 
rediscovered, becaose the description 'Jura Alps' was 
too vague and indefinite to be of anj service to futore col- 
lectors. 

To the geographical or topographical position should be 
added a word or two, descriptive of the soil on which the 
iiiaividuals Houdshed, whether dry, s^vampy, woody, &c. 

It is irequently also of service to indicate the geological 
formation underlvin^^ the locality ; the influence of the 
subsoil on the development and general character of the 
plant being often very striking. 

5. The date on which the ?pecimen was gathered. This, 
too, is of importance, as marking the season of flowering, 
fruiting, &c. 

6. The name of the collector, and, if the e3cample has 
pa-scd thi-ough another hand, that of the person, from 

ptcris fragilis, Rirnh.^ enjoys at least twenty-seven different aliases. Of 
the still more common Pteris aqnilina, Unn^ Sir WiUiam Hooker- - 
having first enumerated seventeen or eighteen names — writes (Spec. 
Fil. ii. 197) '- * Other synonyms might be added, if it were worth en- 
cumbering our pages with them. . . . Mr. Moore has twenty 
syiionyms under the Europ<»an Pt. aqnilina, without taking into 
aci!ouct Pt. esculents, cauJata, &c. of authors!'— Ed. 
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whom it was received. Theae paiticuliirs are guarantees 
uf the geniiincnesa of the Bpeciin«n ; tlicy also impart to it 
conaiderablo authority, where the collector and communi- 
cator areknown in the botanical world aa aocmute observerB 
and safe guides. It is usual to write these in Latin and 
to abbreviate them thus ; ' Leg.' (for legit, ' collected,') 
and ' Com.' (Ibr commnnicavit, ' communicated ') ; or ' Ex 
Hprb.' (for ex herbario, 'from so and so'a herbarium'). 
Below is an e:!ainple of a label, illustrating tho various 
I points to which I have called the reader's attention. 



Kitnachia aeiculnria, W, Sat, 

(Synope. Brit. Diutom. rol. i. p. 43, tab. xt. 123. 

{Synedra ocienlaria, XU. Sacili. p. 63, (ab. ir., f. I 

Ceratoneid Qoieularis, Priich. In/as. p. 783.) 

B. cloWerioides, Gruii. tali. lii. f, 10. 

Nrar Brnnn in Moravia, ia a ditdi of clean, liut stagiinn 



h 



Leg. J. S. July 16, 18S3. 
Com. (or « Herb.) A. B. 



Any observations, which the collector has the opportunity 
noting down in regard to the life history of the indi- 
vidual plant, add greatly to the value of his collection ; but 
1 need scarcely add, that they must be perfectly trust- 
worthy, and formed on his own experience. 

There is no recognised form of label Co recommend to 
the student ; as long as he takes care that it is not too amaU, 
and that it is unencumbered with finical ornamentation, ho 
can choose the size and the form that he f;incies loont for 
liimself. If he wishes his herbarium lo have a particularly 
neat appearance, he can have slips of pajier cut, and printed 
at a small cost, something in tliis form ; — 
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The labels had better be laid under the specimen, when 
the latter ia not fiLstened down, us then they ure not 
easily lost at the opening of the wrapper ; at the same fx 
rhe name should be lefl exposed, bo aa to avoid dislurbing 
the plant, each time the name is required. Where the 
specimen is fixed doWU 61- Vcpt in a p.ipef bag, the labul, 
may be attached by meims of gum arable. 

To the young student it may appear the simple.'* plan to 
write the name, &c., at once on the paper on which the 
specimen lies, without the. intervention of a label. But' 
experience baa proved that the latter plan is the most 
iidvantageoua. In the firat place, there is frequently no 
room on the half-sheet, a good-ei^ed plant with its leAvea 
and twigs occupying nearly the whole of ita surface. Again, 
the plantmay be wrongly namoc!, for the beginner must natu- 
rally expect to make nnmerons mistakes in nomenclature. 
Now (supposing the name to bo written on the paper 
itself), as soon as he discovera his error, either corrections 
must be made, giving the specimen an unsightly appearance, 
,pi else a nc-w half-sheet mnst be introduced, an unnecessary 
ite ; whereas, in the caae of the label, he has only to 
i the old one and substitute a new one in ita place. 
ouBtomary, when a speciraen is received front onuthee 
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bobtnUt, to relnin the original label, i.e. tlie one sent will) 
h ; if, however, tlie naiua employed by tlio giver differ.s 
from that in the Bjatcm after which the student arriingea 
hia own herbarium, then let him add a second label with 
the necosaary information. 

It frequently happens with aorao of the AlgK, that the 
apeciea gathered are irretrievably mingled together, ao that 
it ia htipeleas attempting to separate them ; thia is wore 
particularly the case with the Desmidlacece and Dialomaces.-. 
If the collector has aufficient material, he ahould proceed to 
make as many preparationa aa (here are apeciea in the 
gathering, introduce them into their proper places, and 
ticket them accordingly. For instance, we will suppose, 
tlmt there have been takea at one gathering apccimena of 
Gomphonema, Pinnu.'aiia, Meridion, Synedra, Fragilaria, 
and Closterium. Should he not be able to aeparate tliem 
aatiKfactorily, let him make six diSerent preparations, each 
containing eTaraploa of the several genera. Next let him 
iuBCribe one label with the Romphonama species, another 
with the Pinnularia, &c., and arrange them inhisherbariuin 
as though the apeciea denoted by the ticket were the only 
one present in that preparation. 

When, however, the gathering ia too small in quantity 
to allow of dividing it in this manner, he must make a 
single preparation, but phice labels, corresponding to the 
number of species in the preparation, in their respective 
wrappera, Thna, taking t!ie last-named illustration, the 
preparation will occupy the wrapper apportioned (we will 
say) to r.omphonema ; the others, Pinmilaria, Synedi-a, 
itc.jwill bo represented in their wTH[>pa is by tickets, labelled 
with their names, and rt-firriog the reader to the Gom- 
phtincma preparation. 

I elrongly recommend the student not to be satisfied with 
solitary examples of plants firom a single liabitat. The 
delicata shadings and variations, due to differences of 
situation, soil, and climate, cannot be rightly appreciated, 
'I the ob.ierver has before him an abundant supply of 
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raaterial from diSerent loculitios, embracing widely-sepa- 
rated areaa. 

The more numerous the localilica repreMnted ii 
barium are, tho more vaJiiable is it in the ejea of the man 
of science. For the same reawn he should bring togetlier, 
in the case of the Phauerogamia, not only flowers, but rips 
fruit, both with and without the capsule, OT,if the plants urfl: 
diceoious, examples of both the seses ; in the case of th« 
Oyptogamia, sterile as well as fertile forms from numcroot 
localities, since, in many cases (aa for instance among th« 
Mosses) peculiarities of situation, hindering az promoting 
the feitiltty of a plant, influence its habit and character id 
no slight degree. In a word, in each order of plants, ihi 
collector should endeavoTir to obtain the successive stag 
of development, if he intends to study them thoroughly, aj 
to give a scientific value to his collection. 

That he may study t!ie specimens witli eaiie, his herbar- 
rium should be so ammged, that he may be able to lay l 
f hand at any moment, and without loss of time, <in ihe e: 
mple lie wishes for ; and also be able to talie it out ai 
without injury to the coliectioo. 

Tor this, I recommend the following plan. The wrapper 
being laid on a table with their openings looking to thi 
len, the whole of the species belonging to a ^ngle genua 
(or a section of them, if the geniis is very large) is to b 
lifted off the pile, and enclosed in a tieparate wrapper, th 
opening of which looks to the right. This arrangemra 
tends greatly to convenience in handling the specimens, as 
the operator can remove ench genus, (or, it may be, portion^ 
of a genus,) with t!ie greatest ease, and, when properljt 
L labelled, any desired genus can begot at without disturbing 
■' e other pnckela. 

The genera included under an order should nest 1 
wlaled. As a rule, this involves a pile of specimens muc 

bulky to be comprehended ivithin the limits of a single 
Trapper. The better plan, therefore, is to lay the pile b&- 
a two sheets of stout pasteboard of correapond iiig s' 



(juat aa tbey were before laid between two boards during 
tiiQ process of drying), and either tie them round witJi 
diick string, or buckle them together with a strap of a 
woven material. The beginner ia often tempted to lay out 
hiB money oa nicely got-up portfolios, in which to enclose 
the orders ; but, if he will take my advice, he will save hia 
money, and be content with the pasteboard covers, though 
their uppearanca Is certainly leas elegant. My own expe- 
ilence ia decidedly in fevour of the latter, because, first of 
all, much time ia consimied in the tying and imtyiug of 
the numerous ribbons, with which a portfoUo ia furnished ; 
and, secondly, because tie pressure of a tight string or 
atrap (especially the latter, on account of its breadth) ia 
much more equal. Eeaides, the ribbons are npt Co break 
off with constant use, and they cannot bo replaced without 
giving an untidy appearance to tbe portfolio ; whereas a 
string, or strap, can be renewed at will. 

Should the roots {as aometimca happens) interfere, ftom 
their thiekneas, with the proper diupoaition of the paeketn, 
raising them up at one end, and forcing the whole pile out 
of the level, it ia easy to turn a certain number of the 
packets round, thus doing away with tlie unevenncss of 
the bundle, and giving it the desired Hat auriace. Next 
for tJie best system of labelling. First gum a ticket just 
above the lower border (and equidistant from the two 
coinera) of the pasteboard cover, with the name of the 
order upon it. Then, on the lower lefc-hand corner of the 
' Genua ' wrapper, let a ticket be gummed, bearing the naniu 
of the genua; similarly, on the lower right-hand comer of 
the ' Species ' wrapper, gum a ticket, baring tlie name ol' 
the species, preceded by the initial of the genus : thus ' R. 
Kijhieri' marks the species ' Kohleri,' of the genus ' Rubu».' 
If the names are written in bold legible characters, tliey 
cannot iail to catch the eye of the observer immediately on 
his tiu-ning over the wrappers. 

But how ia the student to grope his way through the 
pa^ of paper, accumulated in his herbarium, in order to 
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lay Ilia band on any wished-for specimen ? TIuh is easily 
effected by the simpio process ot' numbering the tickaW 
ontside tbe wrappers, one Bet of numbers for the genera,, 
anil another for the species in eacb genus, the ordertf 
being distinguished by Roman figures. Whatever sys- 
tematic work the student has taken as hia gnide in tha 
arrangement of liis herbarium may be made the ground- 
work of liin munbering. Should lie work in question n 
be numbered, the tiCudent will have no difficulty in goiogj 
iBe]f ihrongh the volnme, first marking the gener^ 
fi-nm beginning to end with congecutire numbers, and thea 
the speuies, in these confining the consecutive numbers to 
genus. All that is requisjtfi i 
index of the book for the genus to which th* 
desired specimen belongs, and to ascertain its numb^j 
Then, by keeping his eye on tjie externa! labels of tJ 
licrbarium, the student can find the specimen without 
being compelled to open any but the right packet, a 
also with the least expenditure of time. A specimen can 
be Kpkced in the eame simple nmnhef. Of course tlrf 
descriptive ticket* accompanying the examplea are nla 
numbered ; and the search is much facilitated, if a list e 
the genera contained in each order, or at least a hst c 
their reference nnmbers, is slipped under the string o 
strap enclosmg the fascicle. 

When the herbarium has grown to a large size, so ilia 
individnal packets are less &e<:|uently consulted, it is wel 
to wrap the xeparate fascicles in paper, or, better still, ill 
linen, bringing the ends well munil, so a^ to overlap till 
centre, and tying ihem together by two strings faKtened If 
the opposite comers of the covering material. Each Bb-ia| 
is carried right round the bundle, and 
where itii other end is attached 1o the 
paper is employed, the pasteboard covers must be placet 
' and under it, to keep it in place. In either ca 
of enclosed genera may be slipped under the o 

itening. 
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Altliougli by tLia aiTangement tliG diffiuulty of getting at 
till! specimens is undoubtedly increased, stili tlia advantagoa 
are great, where (aa I observed before) tlio fiiscicles are not 
in constant requisition , it eavea the Bjiecimens from dust, it 
Vecpa the wrappers in good order, and it helps to ward oil 
tile ravages of insECts. 

I referred just now to the need of selecting some syaiem- 
atic work as a guide in the anangeinenb of tlie herbarium. 
This ia easily done aa regardB the flowering plants and the 
higher Cryptogamia ; there are works enough published to 
satiafy the taste of every collector, whatever his views may 
be, whether Liunaian, Juasiaan, CandoUean or Lindleyan, 
But this, I regret Co my, ia far from being the case with thr 
lower Cryptogamia, the Lichens, Fungi, and Algte. Inde- 
pendently of the fiict, that the systems hitherto arrived at 
are iar irom perfect, there is the additional ciicumHlanc«, that 
science in its onward strides ia ever bringing new species to 
light, or compelling the re-arrangement of those with which 
we are dieadj acquainted. CossequeDtly, we must either 
find room in our catalogue for species ol whose existence 
we had no conception a short time before ; or, on the other 
hand, we must be prepared, in consequence of a deeper 
insight having been gained into their structure and habits, 
to separate species, hitherto closely combined, and not un- 
frequently to place tliem in distinct genera. 

To meet these difficulties a certain elasticity must be 
allowed to the catalogue, so aa to permit of the names of 
species being introduced or removed without ditturhing its 
general arrangement. For this purpose quarter'sheets of 
foolscap paper are prepared ; one, two, or three for each genua, 
according to its size. The generic name, with its reference 
number, being placed at the bead of the paper, the species 
are added in due order beneath, a. considerable apace being 
lelt between each name lo admit of others being introduced. 
In tliia way new species can be inserted in ibeir proper 
places, without having recourse lo endless interpolations, 
which disfigure the page and confuse the reader. 
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Should the genus be so extensive, as to necessitate tlie J 
division of the Bpeciee into aeclions, it may be labelled and I 
catalogued after the following faaliion. We will suppose I 
that the Diatomacaoua genus Kitzsehia is the 138th in the 1 
system adopted by the student^ and that he [ 
species named below. 

138. NitzBchia, Bass, 

a. Fruatules arenatp. 

1. K. ampbioiys, W. Sm, 

b. FruBtulca constricted in the centre. 

1. N. plana, W. Bm. 

2. tf. coDBtdcta, Pritth. 

3. N. parvula, W. Sm. 
i. N. lateatriata, Brib. 

c. FruBtntna sigmoid. 

1. N. aigmnidoa, Tl Sm. 

2. N. cumila, W. Sin. 

d. FniBtnles atraight, linaar, or lanceoll 

1. N, tanuJB, iF. 8m. 
•i. N. WftlftiUttis, Sdb. 

3. N. hyalina, Greff. 

It will be observed, that the sections are mtirkeS%j , 
letter of the alphabet, and that each commences with nun 
' one.' Care must be taken to leave sufficient space bet\i 
each section to allow of the insertion of fresh names. 

The herbarium is best preserved on the shelves ( 
closet provided with well-fitting doors to exclude the d 
and kept in a room in which a fire can be lit during t 
winter, and in esceptionably damp weather. 

It is of no use, however, to take paius i 
specimens, labelling them correctly, and providing I 
with shelves and drawers, imjess the greatest care ' 
for (heir preservation aiterwards. 

If the plants are liable to injury frorn damp i: 
usage, still more so arc they from not being (ouched at ■ 
Neglect is worse than careless handling, or indeed thim ■ 
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Other of the numerous ills to which a ' Ilortua Siccus' is 
exposed ; because it is mainly due to neglect, to leaving 
the specimens to take care of themselvsH, thnt insects are 
encouraged iii their depredations. The student may have 
an intense affection for hia botanical treasures; he may 
handle them tenderly, when extracting some much-prized 
example ; he may see that the room is duly warmed to pre- 
vent the admission of damp witi its accompanying awarni 
of minute Fungi ; but all his labour and love will he thrown 
away, if he be not constantly on the watch, turning over 
the Hhe&ts, and examining hia favourites individiiallj', 
scrutinisiDg tlieir condition, and looking with an a]most 
microscopic eye for the first traces of tlie enemy, ' Prin- 
cipiia obsta ' should be the motto inscribed over the portals 
of his cabinet. Ho must strive to prevent the fiend from 
entering his paradise at all ; for if once he and his progeny 
gain a footing there, it will cost him many a weary hoiu a 
hard work to eradicate them. 

As B. meanB to ihia end, no plant, whether dried by 
himself, or communicated from some other source, slioidd 
be introduced into the herbarium without first uncleigoing 
a strict investigation. Indeed, if a number m specimens 
are received in bad condition, it is always as well to 
'sulphur' tliem, according to the plan given below, to 
prevent the possible infection of the whole cabinet. A 
world of future trouble and vexatiun will be saved, by 
talcing care, in the first instance, that ao ova or larvx are 
concealed among the leaves or in the flower-heads. 

Another necessary precaution is to ' poison ' the speci- 
mens before laying them by. Frequent ospei'inients have 
been made in this direction, with the view of disooveriiig 
some means of warding off the attacks of the insect world, 
cr at least of rendering them harmless. Not one of the 
nunierons methods, however, can be pronoimced absolutely 
tp,rt)iin in its operation. Many of the lower forms of 
plants, the Algie, the Lichens, and the Mosses are, etiniparn- 
lively Fpeaking, exempt from tlieir ravi^jcs; but they sefjii 




These, then, 

! poison 0U3 

a the cabinet. 



to rei-et in the destruction of iho Ferns, the flowering 
plants, and the Fungi, especially (he two last namtd. 
Strange to day, certain orders of tlie Phanprc^mia are 
more liable than others to the yisita of these ' peats of the 
herbftriuni.' I may mention the Willows, the Umbolliftvffi, 
and l!ie Ciiniposite plants, as among their faTourite haitnls. 
Tlie Compositaj especially are greedily attacked by Ano- 
biiini, Dermestea, Ac, possibly because the large flower- 
headw, ivilh which ninny of the species are ftimished, 
afford them such admirable hiding-places, 
must be thoTonghJy iniprpgnated ■ 
stibstanee, before they are finally deposited ii 

The best preservative medium with which I am ac- 
quainted, is a solution of corrosive sublimate in alcohol. 
To apply it, tbe specimen ahonld be laid on a smooth 
surface of glass or tin, and well painted with the mixture, 
by means of a broad soil hair pencil. As the alcohol 
evaporates, a cleposit of sublimate is left behind. In the 
taae of very ddicate plants or flowers, which are en- 
dangered by the touch of even a soft hair pencil, it ia 
better to apply the solntion through a glass syringtt, 
thoroughly spnnhUng every part. The Bi>ecimen may be 
replaced in ita wi'apper as soon aa it is dry, which takea 1 
place very speedily on account of the volatiie properties of 
the spirits of wine. This poisoning process, be it under- 
stood, is by no means permanent: itisof service for a time, 
hnt only for n time, and must be renewed at stated intervals. 
My own experience leads me to snggest, that the herbarium i 
sboiUd be carefiilly inspected thrice a year, in the spring , 
and autumn, and a coating of poison laid on to every plant, 
or, at any rate, on those which are mos^ liable to the 
attacks of inscctK. 

Camphor, oil of turpentine, and othcT strong-Bmellinp 
eiibstances, have been recommcncled Irom time to time, b'lt 
I couless I have but little faith in them as proserTatJvea. 
Indeed I have generally found, t' 
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disagreeaWe to the botanist in iiis study, than to the insects 
in hia herbarium 1 

Should it be found, that tlie larva;, in apite of all pre- 
cauIJona, have eHtablished themselTCa in any pai-t of the 
herbarium, the infected packets must be at oiico roiiioTcd, 
and submitted to die fumes of snlphnr. For this purpose 
let a box be provided — if made of iron or lined with tin, 
BO much the better — large enough to hold two Oi' tlirec of 
the packets. An air-tight lid being Te4iui»le, let a sliallow 
groove or channel be run round the upper e%e of the box, 
to receive the lid when closed ; the groove itself ia to Iw 
iilled witb water when the box ie in use, tlitta rendering 
it air-tigbt. It is neceasary to retain the fumes of tiin 
sulphur within the bos, not only on account of ihoir evil 
odour, but because they are apt to produce unpleamnt, and 
even injiurious, aymptoins in the operator, if imbibed lo 
too great an extent. For the same reason, tlio work should 
be carried on in an outhouse or in the open uir, not in an 
inhabited room. A movable framework of iron fits loosely 
into the box, cousistrng cf netting, or of a lew crose bara 
Bufficienlly strong to fujiport the j^tacketa, and resting on 
legs three or four inches high. 

Now let a shallow pan of burning sulphur be laiil on 
the bottom of the box ; the framework with its packets 
placed over it ; the lid shut do*vn ; and die whole left un- 
disturbed for about forty-eight hours ; and it will be found 
that at the end of tliat lime not a single iasvct surviTiB, 
1 liave bad occasion to try this plan repeatedly, and never 
knew it to Ciil. [Another method, of which I can speak 
with approval, consists in placing the pockets in an oven, 
iitid leaving them lo bake for some hours, Ko form of 
animal life — at least of animals destructive to pknts — can 
stand against ths continued heat : it is especially useful in 
very damp elimatea. Care must bo taken tliat the oven is 
not too hot, or the spec iinei is will be rendered over-dry nnd 
brittle. — Ed.] I'he bent teason for niakiijg these o.xperi- 




198 OF THE HERBARIUM. 

luents is towards the end of summer, or even as late as 
October. 

[Havixg now clotLed in an English dress the results of 
Herr Nave's large experience in collecting, preparing, and 
preserving plants, I leave this little work in the hands of 
the reader, with the confident hope that he will pardon its 
defects for the sake of its object. That object will have 
been fully accomplished, if it be the means of awakening 
in the Botanical Student a desire to become more closely 
acquainted with tlie loveliest of all the Creator's works, or 
in smoothing some of the diflSculties, which must inevitably 
surround the path of tlie tyro. — Ed.] 



* Thv desire, which tends to know 
The works of God, thereby to glorify 
The great Workmaster, leads to no excess 
That reaches blame, but rather merits praise, 
The more it seems excess .... 
For wonderful indeed are all His works, 
Pleasant to know, and worthiest to be all 
Had in remembr:ince always with delight.* 

MiLTOir. 
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ALG^, abundu.nce of, 1 ; best 
season for collecting, 3 ; 
implements for coUecting, 4, 
65 ; knowledge of, necessary to 
the Botanist, 1 ; to preserve, 9, 
66, 93 
Algse, filamentous, 2, 62 ; crus- 
taceous, 83; gelatinous, 82, 
99 ; marine, 91, 125 ; parasi- 
tical, 3, 83, 84 ; stone-like, 85 



BENNING'S method of clean- 
ing Diatoms, 26 
Brand, 116 
Bunt, 122 



OASPAKY'S rake, 5, 109 
Catalogue of Herbarium, to 

make, 189 
Cells, shallow, to make, 57 note 
Characese, characteristics of, 107 ; 

to collect, 108; to preserve, 

110; where found, 108 
Chlorate of potassium, to clean 

Diatoms with, 49 
Conjugation, m Desmids, 53 ; in 

ZygnemacesB, 73 
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Cooke's British Fungi, 118 note ; 
British Hepatiese, 147 note. 

Crassulaceae, to destroy the vital- 
ity of, 165 

Cyclosis, phenomenon of, 113 



DAVIS'S Manual of Prepara- 
tion, 49, 102 

Desmidiacese, best season for 
collecting, 50 ; characteristics 
of, 60 ; mode of propagation, 
52 ; structure of, 51 ; to clean, 
51 ; to preserve, 53 ; where 
found, 50 

Diagram representing a Diatom, 
38 

Diatomaccffi, characteristics of, 
37 ; implements for collecting, 
1 3 ; influenced by locality, 1 1 ; 
in guano, 12 ; in stomachs of 
flsh, &c., 12 ; to be preserved 
in crude and prepared form, 
28 ; striation of, 43 ; to clean, 
17, 20; to draw, 42 ; to mea- 
sure striation of, 48 ; to pre- 
pare, 25, 43 ; to preserve, 28, 
34 ; to secure in a clean state, 
19 ; where found, 11, 17, 33 



Dintomacffie, filiimentoiia, 13, 
31; fosgli, 12, 13; tree, 14; 
frondoBB, 14, 34; parasitic, 
13; Btjpiute, 14,30 

Digger, neeful form of, 158 



ENVELOPE to hold Biuloms, 
f EquiaetHcere, 157 



FERNS anii flowBTing plants, 
154; impiemeuta fur i-ol- 
locting, 168 ; to Biamiim, 172 ; 
to prepace, 161 

Frout and nids viewe of a IKa- 
torn, 38 

Fungi, licst seasoa for col1e(^titlf;, 
116; eharai:tGriBtics of, 123, 
1 26 ; implcmcats for iNillcct- 
iDg, 117; to colUft spores, 
129; M draw, 126; to pri:- 
serre, 122; vttcre tbnnd, lla 

Fungi, biund, 116; liunt, 122; 









122; parasitical oa flioa, 116, 
122; OD gold fieh, 122; on 
iuew'ts, tl6 ; on plants, 11! ; 
oQ tho Bilkwona, 123; suiul, 
116, 121 

GEKSTENBEfiOEE'S method 
of cleaning and propHgulicg 
Diatoms, 25 
Gum arabic, to hepoisoned beforo 
Q^ing, ITSnoIt; to fix Diatoms 
vith, 20 
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herbarium, its object, 174; 
form, 174; to number e 
cstfilogue, 1B9; 
19D, 194 



pJCISEKATION, 43 



180 
LamiuariEG, to preserve, 100 
Lichptts, chiiractGriBtics of, ISi: 

to collect, 134; to pcepnH 

134; whpre found, 133 
Lime in Algie, &c,, to be got ri 

of, 79,84, 102, 113 



LlL MoBSBH and their alli( 
tharactsristica ot 139, H 
ISO; JruetifimtioD of, 14 
143 ; implements fur coUcel 
ing, 141 ; to prepare, IIB ; ti 
preserve, 160 ; where f ' 



Muriatic acid, to cieaji Diatoi 

with, 18 
Kuozardineof thesilkwoTm, 111 



OscillatoriEe, characteristire o& 
76; coboTB of, 76 ; mi ' ' 
of tile name, 76 ; lo 
77 ; to eeparatu Diato 
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PAP 

PAPER, to prepare for Algsp, 
66; to dry, 161 

Plants, to ticket for the Her- 
barium, 180 

Pleurosigma, as a test object, 
45 

Potato disease, 121 

Press for drying plants, 68 

Primordial utricle, 64 

Protoplasm, 54 ; rotation of, 
113 



QUETSCHHAHN, or spring 
tap, 22 



RE-AGENTS, 131 
Reinicke's method of clean- 
ing Diatoms, 25 



SECTIONS, to make, of Algse, 
85, 102; of Fungi, 129; of 
Lichens, 138; of Mosses, 147 
Shadbolt's turn-table, 16 note 
Silicate of potash, or waterglass, 
153 



Smith's Ferns, British and For- 
eign, 154 

Smut, 116, 121 

Soft water, 62 

Sommering's mirror, 42 

Spermatozoids in Characese, 114; 
in Mosses, 149 

Spores of Fungi, to collect, 129 

Spring tap, or Quetschhahn, 22 

Stearine paper, 68 

Striation of Diatoms, 43 

Sulphuring box, 197 

Swarming spores, 74 
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YOLVOCINKE, 61 



ZYGNEMACEJE, spiral ar- 
rangement of chlorophyll 
in, 2 note^ to preseryOi 53, 
72 
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